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SYNOPSIS 

An organic molecule in its excited state can have a 
different charge distribution at different atoms as corrpared to 
that in its groiind state and thus can be considered a new chemical 
species, thereby opening a new range of reaction pathways which 
can be different from the ground state reactions. Proton transfer 
reactions in the excited state have 5k special significance in 
heterocyclic chemistry but not much is known about the acid-base 
behaviour of complex heterocyclic molecules containing poly- | 

functional groups in their excited states. 

In this thesis I have attempted to study (i) the effect of i 
solvents of varkfing polarity and hydrogen bonding ability and I 
(ii) the acid-base properties of nine organic molecules in their [ 
ground (S^) and: the first excited singlet state (S^) , These ; j 
include two amino-hydrocarbons Caminochrysene and aminofluoran- | 
thene) , 6-aminoindazble and six benzimidazoles ( 2-hydrdxybenzimida 
zole, 2 -aminobenzimida 20 le, 2-phenylbenzimidazole, 2- (o-'amino- 
phenyl) benz imidazole,. 2*^(m-aBiinophenyl)benzimidazole and 2-(p- | 

aminophenyl) benzimidazole. j 

The thesis contains four chapters. Chapter 1 reviews the I 
1 iterature on the; excited ;state ■ acid-base ' properties.;, ;as'-;''wel,l .. as' ; .?y.| 
solvent ;.,;:ef feet." On.. Sbso^.tion: ".and. ■■fluorescence .'yspectra-. ,0"f ;■■ O'rg^'anic :■■■.{ 
mol'ecul.es;' haying ’''.acidic' .or" "basic., functional grtubs. A ■.brief '■'! 
account of the scope of the present investigat ion and justif icstio 
Of the selectioh of compounds is also given. 


used. 


Chapter 2 describes the instrumentation and the materials 
A description of the spectrofluorimeter used which has 
been fabricated in our laboratory is followed by methods of 
preparation of certain compounds and the degree of purity of the 
solvents used for spectral studios. 

Chapter 3 has ^a brief description of the theory of solvent i 
effect on absorption and fluorescence and the effect of solvents 
on absorption and fluorescence behaviour of the compounds under 
investigation is discussed. It was found that in most of the | 

compounds the absorption spectrum is not much affected by the | 

polarity or hydrogen bonding ability of solvents. From the naturej 
Of the shifts of absorption and fluorescence spectra it was suggest 
ted that in many amino compounds i-ike amino- hydro carbons# 2-am±no- 
benz imidazole# 6-aminoindazole# 2- (m-aminophenyl) benzimidazole and 
2- (p-aminophenyl) benzimidazole# the amino group acts as hydirogen 
bond acceptor in the state and hydrogen bond dohor in the 

2- (o-Aminophenyl) benzimidazole showed evidence of the 
presence of two different hydrogen bonded forms: the hydrogen atom 
of amino group in the phenyl ring forming a hydrogen bond with 
pyridihic nitrogen in the adjacent ring in one fOOT and the lone ; : 
pair of aminb group with the pyrrol ic hydrogen atom In the dther | 
form. Both these forms are stable enoxigh in less polar media to 
giye their own absorption and fluoresoence speptra- The excitatlOi 
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spectra of both the forms could be taken thus confirming 
presence. The latter form was found to be more stable in protic 
solvents. 

2-Hydroxyben2; imidazole showed a blue shift with solvent 
polarity both in absorption and fluorescence/ which is contrary 
to the behaviour of the rest of the molecules. From the nature 
of the spectra/ solvent effect and prototropic behaviour, it was 
suggested that it exists in its isomeric 2-(3H)benzimidazolone 
form. N-Methylbenz imidazolone was prepared and its spectral nature 
studied to confirm the idea. 

Chapter 4 gives the acid-base properties off the molecules 
in the ground and excited state/ following a review of the 
theories of acidity and basicity change and methods of determina- 
tion of excited state dissociation constants. In the amino- 
hydrocarbons and some other amino compounds proton induced fluores- 
cence quenching was found to cOnpete with the protonation equili- 
bria. An attempt is made to calculate the quenching rate constants 
by Stem-Volmer plot taking approximate lifetimes calculated using 
Strick-lef and Berg equation. 

In all benz imidazoles except 2-phehylbenzimidazoie/ a 
dication/ a cation, a neutral form and ^ anion form werd identii 
■fied’- in' both g^round and 'excited -'states -The rotation' of '■■'the"' 
phenyl ring on protonation was clearly evident from the blue shift 
of'-'-its . catiO'n;"'absQrptibn.v'.' ' 
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The acid-base properties of 2-hydroxybenzimida20le could 
be nicely explained by its tautomeric 2-(3H)benzimidazolone form 
and its conversion to benzamidazole form in dication. 2-Amino- 
benzimidazole also showed a cyclic amidine structure in its mono- 
cation form. 

The acid-base properties of 2- (o-aminophenyl ) benzimidazole ; 

very clearly showed the presence of the two hydrogen bonded Isomers i 

. ' ' i 

The amino group in 2-(m-aminophenyl ) benzimidazole behaved almost 

independent of the rest of the molecule in the ground state^r indi- ; 

■ ■ ■ ■ . i 

eating very less conjugation in ground state and an in^roved | 

conjugation in the excited state. 2-(p-aminophenyl ) benzimidazole | 
showed an extensive reorganization of charges in ground and | 

■ ' ■■ ■ I 

excited states. 

6-Aminoindazole showed five p3X)totropic species in the | 

excited state. Apart from the usual dication/ neutral and anion I 
species / two monocation forms; one pyridine pro ton ated and the 
other amino protonated# were identified in the excited state from i 
the fluorescence spectral behaviour where as ohly the amino | 

protonated monocation existed in the ground state. j 

Ground and excited state pKa values were determihed for all 3 
the prototropic equilibria. The excited state pKa values were 3;' 

determined both by* Forster Cycle* and ‘Fluorimetric Titration* V| 

*■■■■■■■ ' 'I 

methods- The shifts of pKa values with respect to pKa or the 


ix 

absence shxft in pKa were rationalized by existing theories 
of charge density distribution in ground and excited states in 
various basic centers. 

A summary of work done and work could be extended is given 
at the end of the thesis. 
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CHAPTER- 1 

GENERAL INTRODUCTION 

A molecule in its electronically excited state has a 
different electronic charge distribution on different atoms, as 
conpared to that in its gro\xnd state. As the physical and 
chemical properties of a molecule are mostly dependent oh its 
electronic charge distribution> the excited molecule tends to 
show different physical and chemical properties than the molecule 
in the ground state. The study of photophysical and photochemical 
processes of organic ttolecules/ specially heterocyclic molecules, 
has always been of special interest to chemists. 

The energy and sometimes the nature of electronic transiti- 
ons in a molecule (like absorption, fluorescence Or phosphorescence) 
are largely dependent upon the nature of solute-solvent interaction 
and hence a study of such transitions in presence of different 
solvents can provide vital information regarding the charge distri- 
bution in the solute molecule, geometry Of fhe molecule, the nature 
of transition etc., in the ground and excited states. The infor- 
mation on the acid-base properties of molecules in the excited 
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states and their relation to structure is of prime inportahce in 
the mechanistic elucidation Of photochemical reactions, For 
reactions proceeding through excited singlet state or triplet state 
and dependent on acidity of the system# the information on the 
excited state pK^^ value is necessary to optimize the reaction 
conditions. In this ch^ter a brief history of the study of 
solvent dependence of absorption and fluorescence and excited state 
proton transfer equilibria# relevant to this study# has been given 
fpllowed by a description of the scope of the present work, 

1. 1 Solvent dependence of absorption and fluorescence spectra 

The first systematic study of solvent effects on absorption 

spectra was done in the fifties. A similar study of fluorescence 

1 2 ' 

Spectra also started during the same time. Kasha and McConnel 
generalised in 1950 that the nature of the shift of electronic 
absorption band can be a criterion for distinguishing n ir* from 
71 n* transitions • Thus a blue shift for n and a red shift for 
nn* transition is expected with increasing solvent polarity. In 
1954 Bayliss and McRae observed that the interactions of solvent 
and solute molecules are predominantly electrostatiq and may be 
of the induced dipole- induced dipole# dipole -induced dipoie# dipole- 
dipole or hydrogen bonding types. Thus the shift could be nicely 
related to the dipole, moment of the solute rrolecules a^ bhe 
calculation of dipole .moments from shifts was attempted by some 

. "5 ■ ■ 6 ■ ' 

workers like Lippett# McRae, Suppan and Tsiamis and Mataga and 
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7 

coworkers, A very consolidated and comprehensive account of 

electronic absorption spectroscopy is given in the books written 

8 

by Jaffe and Orchin, Suzuki and Mataga and Kubota. Pring- 
10 11 

sheim"^ in 1949 and Forster"'’ in 1951 made the first systematic 

study of the environmental effects on the fluorescence spectra of 1 

1 2 

aromatic corrpounds. In 1963 Van Duuren reviewed the subject 

i 

giving a detailed account of the solvent effects for various types; 
of aromatic coirpounds and their derivatives. He discussed the 
shifts and the quenching of fluorescence in addition to 

ITlclX i 

■ ■ . , . . ■ . ■ ■ I 

the viscosity effect caused by the solvents. The X ^ . shifts 

• ■ • ■ ■ ■ ■ mSLX . i 

were explained using the Frank-Condon principle, i 

. ■ j 

13—15 ' 

Mataga and co-workers"^ studied the effect of hydrogen j 

bonding extensively. The site and nature of hydrogen bonding in } 

terms of hydrogen bond acceptor and hydrogen bond donor type j 

interactions could cause either a blue or a red shift in fluoires- | 

cenqe in naphthyl amines, 

' 16 ' 

In 1970/ Berlman tried to correlate eirpirically the 
absorption and fluorescence characteristics of aromatic ring and 
ring- chain systems with the nuclear conformation of the molecules 
in ground and excited states. Thus he classified these corrpounds | 
into five different classes, depending upon spectral shifts, shapei 
of ■ absorption, and emissipn;-b'ands/, mediurti/. effects- 'etc. ' 

- .■■'■."-R'eceri'tly'--:'a'- study ■cf-, -dipole moments', and'''-'g-eoraetries .--O-f "..erbmatj 

^ - 17' j 

esters has been atteirpted by Costa and coworkers from the 
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absorption and emission data in different solvents. As recent 
as in 1983, a method of determining excited state dipole moments 

from absorption/fluorescence solvatochromic ratios is discussed 

1 8 

by Suppan. 

Few papers have , tried to rationalize intramolecular photo- i 

19 20 21 2 

tautomerism, ' nature of hydrogen bonding, chemical structurej 

17 

and geometry in the ground and excited states on the basis of 
solvent effects on absorption and fluorescence. 

1*2 Excited state pKa studies 

In 1931, an 'abnormal' fluorescence due to protolytic 

dissociation of l-naphthylamine-4-sulphonate was reported by 
23 ' 

W^er, which occurred in a pH range where there was no change in 

absorption spectrum. After some more such observations'^ ” in 

hydroxy and amino-pyrene sulphonates, hydroxy and other naphthalene 

■'2425 

derivatives, Forster ^ in 1950 suggested a method to determine 
the excited state pK^ (pK^^ ) values from the electronic transition 
energy. This method was based on the thermodynamic equivalence of 
all routes from the groiond state of the acid to the excited state 
of the conjugate base and is commonly loiown as " FbVster Cycle' . 

27 

In 1952 Weller developed a method of plotting flubres-; 
cence intensity of a species as a function of hydrogen ion 
concentration. The point of inflection of the resultant sigmoid 
curve is a measure of the dissociation constant in the excited 
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state provided the excited state equilibrixim is attained. Thia 
method is hnown as * Fluorirnetric Titration'. 

These two constitute the most in^ort ant methods to obtain 

excited state pKa values, besides the dynamic methods involving 

112 

time dependent fluorescence spectroscopy. Although uSje of phOto- 

28 

potentiometry has been tried for the same, it has not received 
wide attention, may be because of an insufficient generation of 
photopotential in many organic molecules. 

The* F&rs ter Cycle' and the 'Fluorimetric titration' methods 
have been subjected to many critical discussions regarding their 
scope and applicability by many authors after they were formulated. 
From an estimation of pKa values of some p-sxjbstituted phenols, 

■ ■ 29 

Bartok et al, suggested that pKa calculated by using the average 

of absorption and fluorescence maxima could be more accurate than 

the pKa values obtained by either absorption or emission data.; 

30 

Haylock et al., suggested that the discrepancy observed between 

. ■ “ff 

the pKa obtained from spectroscopic data and that obtained from 
fluorimetric titration for some substituted quinolines is due tp > 

'Si- 
an unequal entropy change in the ground and excited state. Mason , 

3'2 ' ' ' 33 ^ ' ' ' 34 

Jaffe and crones, Jaffe et al, Wehry and Rogers and many 

otherS|While studying various classes of compounds like quinolines i 
azobenzenes, azox:3^enzenes and substituted phenols have further 
highlighted the differences between estimated and experimental pKa* 
values and discusse<i the possible reasons. 
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o c 

Van der Donckt reviewed the acid base properties of the 

excited states, wherein he discussed the effect of excited state 

geometrical relaxation on the'Forster cycle' calculations. Sxjbse- 

quently more pKa ' data have accumulated and the sxjbject has been i 

36 38 

reviewed by several authors. The review by Ireland and 

37 

Wyatt contains extensive references of experimental results 
available in the litrature till 1974. Schulman et ad, 21, 39-45 

St 

have done extensive work on pKa of many classes of organic 

tXey 

coiTpounds including corrpounds of biological importance. ■&»]*«* 

tried to explain the shapes of fluorimetric titration curves oh the 

basis of the kinetics of the state proton transfer. Schulman 

40 

and Capomacchia have preposed a modified Fdrster cycle which 
includes vibrational, solvent and geometrical relaxation in both 
the states and have derived equations similar to those of the 

' 44 ■■ ■ ■ ■ ■■ ■ 45 ■ ■ : ■ 

Forster cycle. In his recent review and book , Schulman has 
given a nice and detailed picture of the acid-base chemistry of 
■ State,'" 

,1.3 Scope of present work 

One of the major objectives of this study has been to 
determine the acid-base properties of some conpounds in the ground 
and the first excited singlet states. Nitrogen, oxygen or sulphur 
heterocyclic molecules or molecules containing functional groups 
with a basic Center are the main classes of compounds for which 
such a study could be of fundamental inportance. In this thesis# 



' ^ 

attention has been focussed on nitrogen containing aromatic 
molecules like some aromatic amines and some diaza-heterocyclic 
compounds with various substituents. 

In the condensed aromatic amines series, a-and -naphthyl a- 
46 47 4S 

mines and phen an thryl amines * have earlier been studied in 
detail. The following facts have been observed: 

(i) At moderate hydrogen ion concentration, proton induced 
fluorescence quenching conpetes with protonation equilibria 
of the amino co'»»pou<7)pf5« 

(ii) The ammonium ion becomes more acidic in the excited state, 
thus shifting the excited state protonation equilibrixm 
constant to a very low value. Similarly pyrrolic and 
amino group hydrogen atoms become more acidic, thus the 
deprotonation constant comes down to 12 in from a much 
higher ( >14) yalue. in S^. A higher jn^g^ber in the series 
viz. 6-aminochrysene has been considered to test the above 

' 'results-.' 

It has be^ established that due to an uneven charge distri- 
bution even in the ground state, nonaltemant hydrocarbons behave 

■146- 

differently than the alternant hydrocarbons. Hence a nonal- 
temant amino hydrocarbon is likely to show some dlfference^^ 1^ 
its ground and excited state property^ especially with respect to^^^ 
prototrOpic ecjuilibria. 3-Aminoflu6ranthene, which is a nohaltef- 
hant hydrocarbon, has been taken for its photophysical and pteto- 
■'chemical studies,;'- ' 
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There has hardly been auny detailed photophysical study of 
more complex heterocyclic systems. The confounds which have been 
selected for this study, mostly have three basic centers, all of 
different types: one pyridinic nitrogen center, one pyrrolic 
nitrogen center and an exocyclic amino airoup which itself can 
behave in two ways. A redistribution of charge on excitation can 
result in a change in the basicity of the basic centers in varying | 
degrees and it would be interesting to study their behaviour. 

An unusual biprotonic phototautomer ism has been observed for i 
5-aminoindazole. It has been observed that the exocyclic anino | 

i 

group gets protonated in the ground state, but on excitation, the 
basicity of the pyridinic nitrogen center increases and that of 
the exocyclic amino group decreases; thus the pyridinic protonated; 
form is observed in the excited state. 6-aminoihdazole has been | 
studied to have a further insight into the phenomenon, because, as | 
such 5^ and 6“ positions in indazole are non- equivalent but both ; 
are in the carbocyclic ring, thereby affecting the longer wave- 
length band most. | 

The absorption and emission characteristics of benzimidazole 

' 50—55 

as a function of pH have been studied extensively. It has 

been shown by Tway and Love that the transitions in benzimidazolej 
molecule are of jitt* character and the absorption and fluorescenee ] 
spectra are weakly affected by the polarity or hydr09®i^ hO5^^ihg:;^^^^^ \i 
ability of the solvents. The, absorption maximum of behz imidazole- j 
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cation isblue shifted whereas the fluorescence maximijin is largely 


red shifted as conpared to the absorption and fluorescence spectra 


of the neutral molecule respectively, Borrensen^ esqplained this 


large red shift in emission because of the formation of a stoichib- 


metric complex with the solvent in the excited state whereas Kbndo 


and Kuwano have demonstrated that this is due to the reversed 


of the two electronic states i.e, in neutral molecule the fluores- 


cence takes place from the less polar state and in the cation 
the more polar electronic state is S^, A similar phenomenon 


has been observed ini the cations of other substituted benzimida- 


zoles, for example 2-methylbenz imidazole shows two fluorescence 


bands, depending upon the energy difference between the and Lj^ 
electronic states of the specific cation. Not much work is repoiv 


ted on the substituted benzimidazoles except the recent work of 


Tway and Love, 


Spectroscopic and pKa studies have shown that 2- and 4-hydrox;^ 


quinolines^^ exist in 2- and 4-quinolone forms in both and S^, 


states, whereas the monocation and monoanion of these cortpounds 


behave like the other normal hydroxy derivatives of quinoline, 


c nf 

A similar study for isomeric aminoquinolines “ reveals that 


the structures of 2- and 4- aminoquinolines derived by protonatipg 


the pyridinic nitrogen atom possesses the cyclic amidine structure. 


Thus a nice correlation between 2- and 4-hydroxy and an^i^o quino- 


lines have been made as follows: the anions derived from; 2- and 


■ 10 : / I 

4- quinplinols correspond electronically to neutral 2- and 4- 

! 

aminocjuinolines/ the neutral 2- and 4- quinolones correspond to 
the singly charged cations derived from 2- and 4- aminoquinolines 
and the cations derived from 2- and 4- quinolinols correspond to 
the do^ably charged cations derived from 2- and 4- aminoquinolines. j 
2-Amino and 2-hydroxybenz imidazoles resemble to 2-amino and 
2-hydroxyquinolines. Thus to ascertain whether similar behaviour I 
is expected in the respective benzimidazole molecules/ this study 
was carried out. In fact 2-hydroxybenz Imidazole is known to exist 
mainly in its tautomeric 2(3H) -benzimidazolone form, whereas 
2 -aminobenz imidazole exists in natural arylamine form, l-Methyl-2- 
benzimidazolinone was prepared and studied to confirm some of the 
behaviours of 2(3H) -benzimidazolone. I 

All the three possible isomers in the series of 2»substituted 
(aminopheny) benzimidazoles have been studied. All the three of 
them are expected to be entirely different from each other in the 
following fashion. 2- (o-amlnophenyl) benzimidazole has an amino I 
group which can very nicely form hydrogen bond with pyridihic 
nitrogen or pyrrolic hydrogen in the adjacent ring thereby forming 
six-merribered stable ring structure. The nature and site of this , 
hydrogen bonding could be different in different medium and hydrpgei 
ion concentration. The amino^group in 2-<m-aminophenyl)bettziniltdS- ; ; 
zole should almost behave independently without interacting much i 
with the basic center in the imidazole ring due to lack of direct 
conjugation. But the amino group in 2- (p-aminophertyl) benzimidazole 
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can very nicely interact with the whole molecule and an extensive 
reorganisation of charges in ground and excited state is e^^ected. 

The study of the parent 2-phenylbenz imidazole becomes 
inevitable to see any steric interaction due to the phenyl ring 
rotation. This also forms a nice basis for con^ arisen of the I 

properties of the (aminophenyl) benzimidazole conpo\ands. More 
e?^ecially. after the amino group has been protonated, these 
molecules should very closely resemble each other and with 2-phenyi-f 
benzimidazole, 

. ■ ' ■ ' j 

A study of absorption and fluorescence of the salts of the 1 
amino compounds in different solvents can give further confirma- | 
tion regarding the nature of the monop rotonated species. This 
has been done whereever necessary. 

The study of fluorescence in a rigid matrix at low tempera- 
ture (77K) can give valuable informations. Freezing 'locks' the 
fluorescing molecule in to the grpund state equilibrium solvent j 
cage and molecular conformation and thereby prevents solvent cage j 
relaxation and fxanctional group rehybridization subsequent to 
excitation. Thus, the comparison of absorption and fluorescence 
spectra taken in frozen solutions with those taken in fluid media 
permits distinction between solvent and conformational effects 
arising from the grpund state circumstances of the molecule and ^ 
those arising from the extra-electronic circumstances of the j 

thermally equilibrated excited molecule. Low temperature 
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fluorescence spectra, v?hereever necessary to supplement our ideas 
have been recorded,. 



CHftPTER~2 


INSTRl^lENTAT ION AND MATERIALS 


2*1 Spectrof luorimeter 

Fluorescence spectra were recorded on a scanning spectro- 
f luorimeter# fabricated in our laboratory. The block diagrams of 
the spectrof luorimeter and the arrangement to take spectra at low 
temperatures are given in Pigs. 2*1 and 2*2 respectively. A brief 
description of each part is given below. 

A stabilized power supply (PS) for the lamp (LPS 251 HR) and 
the lamp housing (LH 150) were procured from Schoeffel Instruments., 
They can accomodate 150W Xe larrp, 200W Xe-Hg lartp and 200W Hg laitp. 
The total energy output from the lamp could be monitored and kept 
constant by the power supply. 

Two Jarrell-Ash 0.25 m and f/3.5 Ebert grating monochromators 
(82-410 and 82-415) were used. The monochromator (M^) yrith one 
grating# blazed at 300 nm ( 1180 grooves/mm with a reciprodal 
linear dispersion of 3 *3 nm/mm) was used for selecting the excita- 
tion wavelength. The monochromator (M^) with two gratings# one 
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Air inlet 
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blazed at 300 run (2360 grooves/mm) with reciprocal linear disper- 
sion of 1.65 nm/mm and the other blazed at 500 nm (1180 grooves/ 
mm) with reciprocal linear dispersion of 3.3 nn\/mm was used for 
the resolution of emission spectra. The focal lengths of the 
quartz lenses (L^-L^) were chosen to suit the ^erture ratios of 
monochromators and to have maximum collection of the exciting as 
well as the emitting light. 

The cell compartment is designed for both room teit^erature 
and low temperature measurements and is anodized black to minimize 
scattering. The cell holder (C^) is doioble walled with thermO- 
s tatting arrangements to maintain a constant temperature. For low 
temperature (77K) measurements>Aminco-Bowman* s low temperature 
fluorescence and phosphorescence accessory could be fitted in the 
cell compartment by replacing the normal cell holder (Fig. 2*2) * 
Provision is there to pass dry air to remove the condensed moisture 
from the walls of the Dewar flask, used for low temperature meastir©- 
ments. If necessary a beam splitter B could be fitted in the cell 
compartment. This is a 1 mm thick quartz plate, placed at an angle 
of 45° in the path of the exciting light to reflect IC>% of it to 
another cell holder C^, This is used to calibrate the light source 
f rom time to time and to determine the relative intensities of the 
excitation light emerging from at all wavelengths as descf iljed 
later in '' this ■ ch^ter* 
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Princeton Applied Research Quantum Photometer console 
(model 1140 a) was used for detection and anplif ication of emission. 
It consists of a detector assembly, an arrplif ier/discriminator, 
an electrometer, a detector voltage supply and two rate meters, 
one with log and the other with linear scales The detector 
assembly with a 1P28 photomultiplier tube (Hammatsu, Japan) was 
fixed at the exit slit of M 2 « Very weak signals could be detected 
in the photon- counting mode of the quantum photometer. The detected 
and amplified signal was read from the rate-meter on the front 
panel. A multirange and multispeed digital recorder (Fischer 
Recordall Series 5000) was used to record the signal output from 
the Quantum Photometer. The emission monochromator was scanned 
by a digital drive system specifically made for Jarrell-Asli Mono- 
chromators (jarreil-Ash Omnidrive 82-462) which is coupled to the 
recorder. From time to time, both the monochromators were cali- 
brated with alow pressure mercury larrp, 

# 

2.2 Experimental Procedure 

A sanple in the quartz cell is placed in the cell holder. 

The light of excitation wavelength selected by is focussed on 
the sample and the emission from the sample at a right angle is 
directed to M 2 » The emission intensities at wavelengths selected 
by M 2 are measured from the quant\jm photometer display. The 
complete emission spectrum is recorded by scanning M 2 . The total 
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energy output of the lamp is always k^t constant by the suitable 
combination of current and voltage in the lanp power supply. 

For a low temperature run, the cell compartment is fitted 
with low temperature accessary. The sanple in the proper cell 
is placed in liquid nitrogen kept in a quartz Dewar flask for some 
time till the bxibbling of nitrogen gets reduced. Then after 
removing the moisture condensed, the Dewar flask, with the sample 
is placed in the cell compartment (Pig. 2.2). During scanning dry 
air is passed through the compartment to remove any moisture 
condensed. 

The fluorescence excitation spectrtam at room temperature or 
at low temperature can be obtained by setting M 2 at the fluores- 
cence maximxm and scanning M^. 

The excitation and emission spectra thus obtained are 
un corrected. The corrected spectra have been obtained by deter- 
mining the correction factors and by dividing the observed emission 
intensities by these factors at any specified wavelength. Automa- 
tic recording of the corrected excitation spectra is possible -to 
this instrument if the signal from the sanple cell and the signal 
from the reference cell are fed into a recorder which can record 
the ratio of the two signals (ratio recorder) . This part is > 
indicated by dotted lines in the block diagram (Pig. 2.1). 
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2.3 Correcti o n Factors Determination 

In a spectrofluorimeter, the intensity of the lamp# effi- 
ciency of the monochromator and the response of the photomulti- 
plier txabe are wavelength dependent. So all spectrofluorimeters 
record only an 'apparent emission spectrum' or an 'apparent 
excitation spectrum' in the absence of an automatic correction 
a,ccessory. 

Such spectra# in some regions are grossly distorted versions of 

the true spectra. Even though the uncorrected emission spectra 

can be used for some experiments like fluorimetric titrations# 

which are done at a particular wavelength# they are not useful in 

calculating quantum efficiencies and for repo irting the fluorescencse 

spectra of new conpounds. Several methods have been described and 

used for the determination of correction factors. The princi- 

I 65 

pies of Melhuishs method for the calculation of correction 
f actors Q( X ) for the light source ( 1 SOW. Xe lamp) - Excitation 
monochromator coiribination have been followed in this study. The 
correction factors for the emission monpchromator-lP28 photomulti- 
plier tube combination have been determined by following the 

66 

procedure of Chen.. All calibrations were done with 150W xenon 
lanp. 

2.3.1 Correction factors for the light source (150W Xe lamo)- 
ExcitationMohoehromator Combination 

A conGentrated solutioh of Rhodamine-B ( 3git\/litre in 



20 


ethyleneglycol) was taken in a quartz cell of size 1 cmxO.S cm and 

was placed in at an angle of 45*^. The emission was viewed from 

the back of the cell (Fig. 2.1). The advantage of this arrange- 
68 

ment is that if the incident radiation contains a small portion 
of "impure wavelengths" not absorbed by the quantum counter 
( Rhodamine-B solution ) , they are not registered by the detector 
^^2^* The emission from this solution was passed through a narrow 
band metal interference filter placed before D^. It has a maximum 
transmission at 620 nm with a band width of 10 nm. The intensity 
of the fluorescence signal at 620 nm is proportional to the inten- 
sity of the excitation light. This signal amplified by the electro- 
meter amplifier, was recorded by scanning the from 230 to 600 nrn^ 
during which the slits of were kept at 1 mm ( 11 nm band width) , 
The spectrum recorded is called the excitation system calibration 
curve and it is shown in Fig. 2.3. This curve gives the relative 
intensities of the excitation light emerging from at all wave- 
lengths. These are the correction factors at different wavelengths 
i.e. Q( X ) . This Q( X ) was used for the calibration of emission 
system. 

2.3.2 Correction factors for the Emission Monochromator- IP 2 8 
photomultiplier tube combination 

The calibration fadtors for M 2 were calcnilated from 230 tP^^ ^ 
450 nm for the low blaze grating (300 nm) and 350 to 550 nm for 
the high blaze grating (500 nm) . 





22 


A quartz plate at 45° to the incident light was placed in 
. The intensity of the incident light was reduced by adjusting 
the slit of , The slit of M 2 was set at 1 mm. 

One selected wavelength was set at the output of which 
was reflected by the quartz plate to M 2 . M 2 was adjusted 
manually to give the maximvam reading at the wavelength set in M^, 
This maximum reading at this wavelength is the relative response 
of the emission monochromator-photomultiplier combination and is 
denoted by R( X ) • The maximiim readings were obtained for each 
wavelength set at M^. This R( X ) when divided by Q( X ) determined 
earlier/ gave S(x)/ the emission correction factor at x . A plot 
of S( X ) vs X gives the amission spectral Sensitivity curve or 
the correction curve, as shown in Fig, 2,4, for the low blaze and 
the high blaze gratings. 

These correction factors were used to correct the fluores- 
cence spectrum of anthracene (# x 10' in ethanol) ^ recorded 
using the low blaze grating and quinine sulphate (l x 10 M in O.lN 
H 2 S 0 ^) recorded using high blaze grating. The corrected spectra 

thus obtained are shown in Figs 2.5 and 2,6. They match exactly 

65 

with the spectra reported in the literature, 

'2.4 other Instruments 

All absorption spectra were recorded in a Cary 17D spectro- 
photometer, pH of various solutions were measured using a 






wavenumber tr ' 

Fig. 2-5 Corrected Fluorescence spectrum of 
Anthracene (lx 10"® M in ethanol) 





Fig. 2 6 Corrected Fluorescence spectrum of Quinine Sulphate 
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Toshniwal pH meter model C 144 A, Standard buffer solutions were 
used for the calibration of the pH meter. Absorptiometric 
titrations were performed by a Toshniwal Spectrophotometer. 

2*5 MATERIALS i 

2-Phenylben2imida2ole/ 2-aminoben2imida20le, 2“hydroxyben2i- 

mida20le/ 2- (o-aminophenyl)ben2lmida20le/ 6-aminoinda20le/ 6-amino- 

■ . ■■ .:! 

chrysine and 6-aminofluoranthene were obtained from Aldrich Chemical I 

■ ' i 
! 

Company. These compounds were purified by repeated crystallisation I 

, I 

from suitable solvents. o-Phenylenediamine was obtained from | 

E-Merck, 0-aminoben2oic acid, m-aminoben2oic acid and p-amiriobenactic I 

■ ' ' ' ■ ' i 

I 

acid were, obtained from Sisco Research Laboratories. 

AnalR grade sodium hydroxide, sulphuric acid, perchloric 
acid, hydrochloric acid and phosphoric acid were used as such. 
Spectrograde methanol from SD*s, BDH and SD*s spectrograde chloro- 
form were used as such, GR grade Acetonitrile (E. Merck) , ether, 

dioxane, heptene and cyclohexane (obtaine <3 from BDH) were purified 

■ ■ 69 ' ' 

as suggested in literature and brief description Of the method 
is given. 

Cyclohexane was passed twice through an 11 mm dimeter, 50 mi: : 
column fitted with 40 g silica gel ( 60-120 mesh) to reriK>ve bensene,^^^^;^^^ 
paraffinic hydirocarbons and carbonyl compounds. This was fraOtiO--^^ | 
haliy distilled over sodixma at 80 ^C, 1 
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n-Heptane was mechanically sh^en twice with cone, ^ 286 ^ 

(12 hr each time), then for 1 hr each time with water, dil KOH and 
again with water. After standingoverKOH for 24 hours, it was 
fractionally distilled. 

Acetonitrile was further purified by fractional distillation 
over P 2*^5 8l,5°C. 

Ether was refltixed over CaCl 2 , distilled, refluxed ower 
sodium and fractionally distilled. 

Dioxane was let stand over PeSO^ for two days followed by 
refl\jxing for 6-8 hours with 1 % HCl by bubbling nitrogen* It 
was made alkaline with KOH pellets, decanted the aqueous layer, 
refluxed over sodi\am and fractionally distilled tinder nitix>geh 
atmosphere. 

ll 

1 -Methyl- 2-benzimidazolinone was prepared by refluxing 
equimolar ainmounts of sodium carbonate, dimethyl sulphate and 
2(3H) -benzimidazolone in acetone medium for 12 hours. It was 
extracted from heptane and recrystallised (m.p. il6^C) from methanol. 

70 ' 

2‘r (m-Aminophenvl) benzimidazole was prepared by heating at 
250°C, an equimolar mixture of o-phenylenediamine and m-amino- 
benzoic acid in polyphosphoric acid medium for 6 hours. The 
resulting mixture was poured after cooling, in to large voltame of 
water. The sepafated solid was washed throughly ih ah excess of ; 
10% Na2C02 solution and then by water. The dried crude product 
was recrystallised f iom alcohol (ra,p» 256°C) . 
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2- (p-Arnin o phenyl) benzimidazole was prepared by a similar 
method by taking p-aminobenzoic acid and o-phenylenediamine 
(m.p. 239°C) . 

2.5.1 Purity of Materials 

All the cOmpoimds were checked for their purity by thin 

layer chromatography and by taking u.v, spectra, in addition to 

their sharp melting points which were in agreement with the 

reported values. IR spectra were taken for the coirpounds- prep-ared 

77 

and these matched with literature spectra. The fluorescent 
compounds were further tested by their same emission maxima with 
different excitation wavelengths. The purity and transparency of 
all the solvents were checked by their u.v. spectra taken using 
triple-distilled water as reference. 

2.6 Adjustment of H^/pH/H_^ values 

pH of the solutions within the range 1-13 were adjusted by 
small concentrations of phosphate buffer (10 M) as it was found 
that theydo not quench the f luorescence of the compounds and also do 
not alter the prototrOpic eguilibrixm under study. Acetate 
buffers were found to quench the fluorescence. The total analT^i- 
cal cpncehtration of buffers i . e . ( [ ^ 2 ^ 0 ^ ] t 
maintained constant for each pH solution. 



29 


72 

Hammett's acidity scale (H^) was used for the solutions 

with pH below 1. The Hammett's acidity and basicity scales 

represent the actual (or free) amount of protons or hydroxyl ions 

present which is foxind by their reaction with a weak base or a 

weak acid ( indicator) respectively, Hammett ' s acidity scale 

73 

modified by Jorgenson and Hartter was used in this study. H 2 S 0 ^ 
was used to obtain these values. 

A similar scale kncwn as 'H_' scale for aqueous basic 

74 

solutions constructed by Yagil was used for measurements above 
pH 13. 

2*7 Quantum yield calculations 

The quant\im yields of fluorescence (0^) of different <x>ni[pourvds 

in different solvents were calculated relative to the commonly used. 

fluorescence standards. Quinine sulphate (0^ = 0.55) in O.lN 

H>.SO. having a X .^Cfluo) of 440 nm was used as a standard for 

2 4 max 

compounds having a longer wavelength ( *^400 nm) fluorescence 
maxima. The excitation wavelength chosen was 313 nm. Anthracene 
(0^ = 0,3l) in ethanol was used for corrpounds having fluorescence 
maxima below 400 nm. The excitation wavelength chosen was 366 nm. 

To avoid the absorption effects like concentration quenching/ 
self absorption/ attenuation of absorbance through the path length 
of light inside solution, dilute solutions were used for quantum 
yield measurements such that the absorbance was always about Or 
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less than 0.1. Suit^le wavelength was chosen for excitation 
where the absorption spectra had a flat region (maxima) to avoid 
errors due to a sharply varying absorbance in the finite band width 
of excitation. The optical densities of reference and test samples 
were always adjusted to the same or conparable values. 

The formula used for the relative fluorescence quantum yield 
measurement is^^ 


0 = 0 X 

(unknown) (standard) 


(unknown ) 

r - ' " ■ “ ' 

( Standard ) 



where 0 = Fluorescence quantum yield 

F = Area under the fluorescence curve 

q ss Excitation light intensity at the 

excitation wavelength taken from the 
curve (Fig. 2.3) 

A = Absorbance at the excitation wavelength. 



CHAPTER- 3 


EFFECT OF SOLVENTS ON ABSORPTION 
AND FLUORESCENCE SPECTRA 

3 . 1 Int roduction 

78 

Platt's notation is commonly used, for specifying the 
electronic states of the condensed ring system and it uses the 
free electron model for classification of the spectra of cata- 
condensed hydrocarbons . According to his classification the two 

forbidden transitions A ^ L^ and A —" occur at the 

longest wavelengths. The state is polarised along the longer 
axis of the molecule and L^ is polarised along the shorter axis and 
where A,B....L^M correspond to the change in the orbital angular 
momentum, obtained from the orbital angular mpmentim quantum 
numbers based on above model. Although Platt' s classification is 
not strictly applicable for the heterocyclic systems, like benzi- 
midazoles and indazoles, it has been observed that the spectrum 
of the heteroqyclics have a general resemblance to the spectra of, 
the corresponding fused- ring hydrocarbons^ with the same nur^er ^ 
and disposition of rings (all six merttoe red and aromatic), : bence 
a similar assignment has been made for these classes of molecniles. 
It has been established that the band which is pdlarised along : 



32 


the longer axis is almost localised on the carbo cyclic ring of 

benzimidazole “ and the "‘’L band, which is polarised along the 

shorter axis, is localised along the heterocyclic ring. It has also 

1 

been found that is the longest wavelength transition band in 
both the molecules and in general is less polarised than the 
band system. 

3.2 Effect of sol vent on absorption and fluorescence spectra 

Electronic transitions in organic molecules in presence of 
a solvent are energetically different from those in isolated 
molecules because the dipole forces and the hydrogen bond interacti~ 
ons are operative between the solute and the solvent molecules, both 
in groxond and in the excited states. Depending upon the nature 
and the extent of solute-solvent interactions, the spectral shape, 
maxima and intensities of these transitions change. The nonecpial 
solvent stabilization of the ground and of excited states cause 
shifts in the absorption and emission band maxima. The spectra 
in a nonpolar solvent, in which the intermolecular interactions are 
minimal, approximate the vaoour phase spectra. In this chapter 
absorption and fluorescence spectra of various coitpounds in a 
series Of solvents, with increasing polarity, are presented. 
nature of spectral transitions and shifts in the band maxima are', 
discussed in terms of various kinds of solute- sol vent ihteractiohsi 
Frank-Gondon principle is the most i^ valid as sxxipt ion 

in any disGussionpf electronic transitions • Representative 
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energy level diagrams of the ground and excited states are shown 
in the figure 3.1. These figures illustrate the relative 

FCE PCE 

" A j Y?? 

TRE 



TRG (a) : trg (b) 


Fig. 3.1. Energy level diagram 

magnitude of different kinds of relaxations in the ground and 
electronically excited states. , Fig. 3.1(a) represents a molecule 
in which dipole moment increases and Fig. 3*1 (b) a molecule in 
which the dipole moment decreases / upon excitation , In the above 
diagram/ E^^ and E^ are the spectral absorption and fluorescence ! T 
energies/ FCE and TRE* the' energies of the Prank-Cbndon anil ; 
thermally relaxed excited states respectively/ FCG and TRG are the 
corresponding energies for the ground states, VRE and VRG are the 



energies of thermally relaxed FC excited states and ground states 
when vibrational relaxation is the only thermal relaxation mecha- 
nism (i.e, if the fluorescence is measured in a rigid matrix so 
that solvent relaxation is impossible in the excited state) • 

Thermal relaxation include vibrational/ solvent and geometry 
relaxation. 

Fig. 3.1(a) closely resembles the behaviour of the cOtt^joiands 
selected in this study/ because in all the compounds ji it* is the 
lowest energy ’ transition/ which is accompanied by a large increase 
in dipole moment. Before electronic excitation/ the molecule isiti 
a thenO0.11y equilibrated ground state solvent cage (TRG) , On 
excitation^due . to rapidity of electronic transition, the molecule 
in the excited state with a consequent different charge distribut- 
ion/ finds itself in the ground state solvent environment (FCE) , 

Reorientation of solvent cage/ or making and breaking of solvent 

—14 ■ — 12 " 

bonds takes place within a time period of 10 - 10 seconds to 

bring the molecule to TRE, As normal lifetime of the excited 
state is much longer ( 10 sec) , fluorescence normally occurs 

from TRE. Upon fluorescence, the molecule comes to FCC where t^ 
molecule in the ground state has an ehviroiihient of excited state 
solvent cage. Subsequent thermal relaxation brings the molecule 
back to TRG. The FCE is : higher in ^ergy than the TRE,; . and TRG IS;; '; 
lower than FC5G^ Therefore, fluorescence occurs oft^ at cOnsi<3era*r^^^^^^^ 
bly longer wavelengths than eaqsected* purely on the basis Of vibra- 
tionai f elaxation in polar solvents or on the basis of excitatioh , 
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Solvent interactions with solute molecules are predominantly 
electrostatic and may be of dispersive or hydrogen bonding type. 
Dispersive interaction includes induced dipole- Induced dipole/ 
dipole-induced dipole or dipole-dipole type. All these interacti- 
ons lead to a net stabilization of the ground and excited states. 

As has been said earlier, there is an increase in dipole moment 
of a molecule \mder investigation, n -*n* being the lowest energy 
excited singlet', state, there will be a greater lowering of the 
energy of P.C. excited state, relative to ground state and thus, 
the fluorescence spectra of the molecules tend to show a greater 
wavelength dependence on solvent polarity than the absorption 
spectra. Due to this, larger redshift will be observed in fluor©^ 
s cence sp e ctrum than in abso rp t ion under the above condition ^ The 
converse is true if the polarity of the solvent decreases upon 
excitation. 

Hydrogen bonding interactions can be of hydrogen bond donor 
or hydrogen bond acceptor type. In hydrogen bond donor interaction 
there is an electrostatic interaction of a positively poiarised 
hydrogen atom of the solvent with the lone pair of electrons on a 
basic atom in the solute and this results ih lowering of energy. 

If in an electronic excitation process, there is a charge migratioh 
towards this basic center, hydrogen bond donor interaction will 
Stabilize the electronic state and this will result ih a red shift 
in absorption and fluorescence spectra with increasing hydrogen 
bpn<3 donor capacity of solvents. Conversly, if during exci tat ionV 
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the electron density migrates away from the basic centet> a blue 
shift is eapected. 

Hydrogen bond acceptor interaction is an electrostatic 
interaction between the lone pair of the solvent with the positi- 
vely polarised hydrogen atom of the solute molecule. Hydrogen bond 
acceptor solvents cause red shift when solvating solutes at atomic 
sites which lose electron density in the FC excited state# and 
cause blue shift when solvating solutes at atomic sites which gain 
electron density in the FC excited state. Normally the trend in 
the shifts of absorbance and fluorescence band maxima with incireas- 
ing solvent polarity are the same as long as the transition state 
involved are same. If an opposite trend is observed it may be due 
to the interaction of solvents at different sites of the sblute 
molecule. 

A coirtoination of all kinds of interactions i.e, dispersive, 
hydrogen bond donor and hydrogen bond acceptor, may be present at 
the same time and their effects may be similar or opposite to one 
another. Hence a careful observation of absorption and fluores- 
cence spectra in different solvents is necessary in order to obtain 
information about the redistribution of charge densities at differ- 
ent centers of the mplecule in the excited state as well as to 
ascertain the presence Of specific kind of interaction although ^ 
it is not simple. 
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In this chapter an analysis of the shapes and the shifts in 
absorption and fluorescence spectra of a set of ten conpounds/ 
consisting of two amino hydrocarbons, 6-aminoindazole and seven 
substituted benzimidazoles, in a series of solvents with varying 
polarity and hydrogen bond donor/ acceptor ability, have been 
carried out. All the molecules except the amino hydrocarbons have 
more than one basic center and one partially positive pyrrolic 
hydrogen which can have electrostatic interactions (both dispersive 
and hydrogen bonding type) with the solvent molecules. It has been 
tried to determine the nature and the site of the more predominant 
interactions from absorption and fluorescence spectral shifts. 
Protonation and deprotonation are extreme cases of hydrogen bond- 
ing. The nature of the spectral shifts in hydrogen bonding solvents 
can also throw some light on the site of protonation, discussed in 
Chapter 4 . 


3.3 Results and Discussion 
3,3.1 6-Aminochrysene ( CNH^) 



147. A.K. Mishr^ and S.K. Dogra, J. Photochem., 23 , 163 (1983) . 
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Table 3.1* A, Absorption maxima and log of 6-aminochrysene 

in various solvents. 


Cyclohexane 

228 

242 

276 

338 


(4.77) 

(4.39) 

(5.28) 

(4.34) 

Acetonitrile 

228 

242.5 

276 

341 


(4.71) 

(4.59) 

(4.96) 

(4.29) 

Methanol 

227 

242 

273 

339 


(4.72) 

(4.59) 

(4.96) 

(4.29) 

Ethanol 

227 

242 

273.5 

339 


(4,71) 

(4,58) 

(4.96) 

(4,28) 

Water 


233 

273 

340 


^max^^^ 

(log 


Solvent 
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Table 3.I.B. 

Fluorescence maxima and 0 ^ 
6-aminochrysene in various 

values of 

solvents i 

Solvent 



Cyclohexane 

398 414 440 

0.28 

Acetonitrile 

430 

o 

O 

Methanol 

440 

o 

00 

Ethanol 

436 

0.25 

Water 

470 

0.16 
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The ^sorption spectra of CNH 2 in different solvents are 
presented in Fig. 3.2. The values of absorption maxima in differ- 
ent solvents alongwith molar extinction coefficients are listed in 
Table 3.1. Owing to the low soliibility of CNH 2 in water* the 
absorption spectrum was taken in a saturated solution. The fluores- 
cence spectra in different solvents are given in Pig. 3,3 and the 
values of fluorescence maxima ( with qu.ant\ 2 m yields 

are given in Table 3,1. The long wavelength absorption band is 

broad in all the solvents as compared to the structured spectrum 
83 

of chrysene. In particular it is very broad in water and 

accurate estimation of is difficult. The fluorescence 

max 

spectrum in hexane is structured* but the structure is lost as 

the polarity and hydrogen bonding ability of the solvent incireases. 

This loss of structure in the absorption and fluorescence spectra 

of the parent molecule is due to the perturbation of the n cloud 

of the ring by the lone pair of the nitrogen atom of the amino ^ 

group. This is confirmed by the absorption and fludreScence spectra 

of CNH^ (where the lone pair of the amino group is hindered) * which 

are Structured andblue shifted as compared to the spectra of CNH 2 

83 

and resembles those of the parent chrysene molecule. 

Owing to the broadness of the 338 nm absorption band thejie 

is no observable effect on but the 276 and 242 nm absorpt--. 

rncQc 

ion bonds are slightly blue shifted with increasing polarity and "" 
hydrogen bonding ability of the solvents. However a continuous 
red shift in the fluorescence maxima and a decrease in the 
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fluorescence quantum yield was observed \inder the above conditions. 
The fluorescence spectra of CNH 2 in water is much broader and more 
red shifted than that in the other solvents. 

The amino group attached to the chrysene ring possesses bi- 
functional characteristics . It can accept a proton from hydrogen 
donating solvents to form a hydrogen bond with the lone pair> thus 
producing a blue shift conpared with cyclohexane^ and it can also 
donate a proton to the hydrogen acceptor solvents, which results 
in a red shift coirpared with cyclohexane. Although it is very 
difficult to draw any conclusion regarding the solvent interaction 
with the solute molecule from the effect of solvents on the 338 nm 
absorption band, the effects on the 276 and 242 nm bands as well 
as on the absorption spectra of the protonated species (Chi4, Pig. 
4 . 1 ), which is an extreme case of hydrogen bond formation, clearly 
show that only the hydrogen bond donor interaction of the solvent 
with the lone pair are predominant in the ground state. However, 
thered shift observed in the fluorescence spectra, on changing the 
solvent from cyclohexane to water, shows that in the excited state, 
the availability of the lone pair for hydrogen bond formation is 

markedly reduced by a greater charge transfer interaction of the 

lone pair of the aiTiiho group with the ring i.e. the amino group ' 
acts as a hydrogen atom donor group. The decrease in the quantum 
yield of fluotescence under the above conditions can be explained 
"by a.' sirniiaromech^ism.;::-: 
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3.3.2 3-Aminof luoranthene ( FNH^) 



Fluoranthene molecule belongs to the nonaltemant class of 
hydrocarbons with 1-, 2-, 3-, 7-, and 8- positions being non- 
equivalent. But it can be visualised as two alternant hydrocarbons, 
joined by two essentially single bonds and thus the electronic 
transitions can also be regarded as arising from naphthalene and 
benzene moieties. 

The along with log in each solvent have been 

max max 

listed in Table 3.2 and the spectra are aiven in Fig. 3.4, The 

8 in water could not be calculated as the absorption spectruin 

max . ■■ ■: ■. 

was observed in saturated solution due to , less solubility. The 

^(abs) ^ in cyclohexane and ethanol agree nicely with 

msLX ■ ■ ■ rn.3X , 

y4, ■■■ 

the literature values. 


148. A.K. Mishra and S.K. Dogra. J. Chem. Soc, Perkin Trans, II, 
in:presS;, 



rig,3.4 spectra Of 3-aminof luorarithene in various 

solvents,, 


Vifo^lcrtgih (rtm) 
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Table 3,2.A. Absorption maxima and log e of 3-amino- 

max 

fluoranthene in various solvents, 

(log e ) 

^ max' 


Cyclohexane 

225 

(4.74) 

245 

(4.72) 

292.5 

(4.29) 

305 

(4.58) 

327.5 

(3.97) 

368 

(3.87) 

398.5 

(3.93) 

Acetonitrile 

225 

(4.56) 

245.5 

(4.52) 

293 

(4.09) 

305 

(4.30) 

326 

(3.79) 

368 

(3.44) 

414 

(3.78) 

Ether 

227 

(4.53) 

246 

(4.52) 

293 

(4.09) 

307 

(4.32) 

327 

(3.85) 

368 

(3,40) 

•420 

(3.78) 

Methanol 

225 

(4,54) 

245 

(4.50) 


306 

(4.25) 

325 

(3.84) 

368 

(3.50) 

414 

(3.81) 

Ethanol 

225 

(4.60) 

245 

(4.59) 


306.5 

(4.34) 

325 

(3.91) 

368 

(3.55) 

410 

(3.88) 

Water 

220 

244 


300 

325 

366 

406 




Table 3,2.B, Fluorescence maxima and 0 ^ of 3-amino- 
fluoranthene in various solvents. 


Solvent 


^f^ ^exc=^^° 

Cyclohexane 

500 

0,222 

Ether 

515 

0.218 

Acetonitrile 

518 

0.170 

Methanol 

520 

0.145 

Ethanol 

520 

0.155 

Water 

535 

0.150 
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The data of Table 3.2 indicate that except for the first 
transition# the other transitions are hardly affected by the 
change in the polarity or the change in the hydrogen bond intera- 
ction of the solvents. The first transition is red shifted in 
all the solvents as Corrpared to the cyclohexane one. This red 
shift is maxiimm in ether i.e. hydrogen bond accepting solvent and ; 
decreases as the hydrogen bond donating character of the solvent 
increases. 

Table 3.2 gives the of FNH„ along with the fluojres- 

cence quantum yield { 9 ^^ and the spectra are given in Pig. 3.5, 

QC 

The spectra in ethanol agrees with the literature value. Unlike 

absorption spectra# there is a regular bathcx:hix>mic shift in 

and decrease as the polarity and the hydrogen bond formation 

tendency of the solvent increases# whereas on prOtonation# the 

fluorescence maxima is blue shifted. As has been stated earlier# 

the amino group can act as hydrogen acceptor as well as hydrogen 

donor. Thus a blue shift in the former and a red shift in the 

latter should be observed in the spectral properties. It has beai 

8 S 

shown by Thulstrup et al. that the first transition in FNH 2 is 
long axis polarised whereas the second and third are short axis 
polarised. In FNH^# the amino group is s-ubstituted along the 
longer axis of fluoranthene# it is quite expected that only the 
longer axis polarised trains ition will be affected more. The : v > 

results indicate a similar behaviour. Acetonitrile and ether are 
only hydrogen accepting whereas methanol# ethanol and water can 
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behave both ways. Thus the red shift in absorption maxima in 
ether is quite expected. In methanol, ethanol and water, hydrogen 
bond donor effect also becomes operative which opposes the hydro- 
gen bond acceptor and the dispersive interaction effect and thus 
a combined effect is expected to be observed. From the results 
in Table 3.2, it is clear that water is acting as a better hydrogen 
bond donating than hydrogen bond accepting solvent.* On the other 
hand, the regular red shift in the fluorescence band maxima 
clearly shows that the amino group is behaving like a hydrogen 
donor species and this is in agreement with existing results that 
due to greater charge migration from the amino group to the aroma- 
tic ring in state, it behaves as a stronger acid in state 
than in state (see Chapter 4). The decrease in fluorescence 
quantum yield from cyclohexane to water can be explained on the 
same lines as has been done for 6-aminochrysene. 

3.3,3 6-Amino indazole (INH 2 ) 




.51 

The absorption and fluorescence spectra of are given 

in Pig. 3,6 and 3.7 respectively and the values of log 

ttlcDC 

®max' ^max^^' ^f listed in Table 3,3. The values of 
and ^rr^=LV ethanol agree nicely with the literature value, 

The absorption spectrum of INH 2 in each solvent is broader 

86 

than that of parent molecule (indazole) and each peak is slightly 
red shifted. Also unlike parent molecule very slightly 

red shifted in hydrogen bond accepting but increasing polarity 
solvents# and blue shifted in solvents where hydrogen bond donor 
interaction is also there. The fluorescence spectrxm of INHg is 
regularly red shifted with the increase in the polarity and 
hydrogen bonding ^ility of solvents as coitpared to cyclohexane, or 
n-heptane. The bathOchromic shift is more in the latter than in 
the former solvents. Similar to the explanation given before for 
aminohydrocarbons# it can be concluded from this spectral behavi^ 
our that the amino group acts as both proton , acceptor and proton 
donor in the ground state t>ut only proton donor in state. 

Also# due to charge migration from amino group to the ring# the 
amino group becomes more acidic in than in state. 

From the data of Table 3.3 it can be seen that bathochromic 
shift in fluorescence maximum in methanol relative to n-heptane 
is quite large# indicating that the hydrogen bond between the' : 
solvent and solute is very strong and may actually result in a ^ 
stoichiometric complex between the excited solute and solvent 
molecule . To supplOTent this idea; the fluorescence spectrum of 



{Arbitrary units) 



300 350 400 450 

A(nm)-— 


Pig. 3.7 Flue? res cenc«5 spectra of 6-aniinoindazple in various 
'■'■/S'Olverits.; 
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Table 3. 3. A. Absorption maxima and log e _ of 6-aminoindazole 

max 

in various solvents. 


Solvent 

(log 6 ) 

^ max 

n-Heptane 

216 

230 

255 

274 295 

Cyclohexane 


230 


295 

Ether 


230 

(4.05) 

268 

(3.72) 

27 6 298 

(3.73) (3.84) 

Acetonitrile 

217 

(4.05)- 

229 

(4.04) 

267 

(3.71) 

275 300 

(3.69) (3.82) 

Methanol 


227 

(3.91) 

270 

(3.71) 

276 296.5 

(3,71)(3.82) 

Ethanol 


227 

(3.84) 

267 

(3.71) 

277 296 

(3.71) (3.82) 

Water 

210 

(4.36) 

225 

(4.26) 

275 

(3.67) 

289 294 

(3.78) (3.81) 


Water 





Table 3,3.B, Fluorescence maxima and of 6-aminQ- 
indazole in various solvents. 


Solvent 1 

(nm) 

max 

0f( Xg^^=295 run) 

n- heptane 

330 

0.34 

Cyclohexane 

336 

- 

Ether 

353 


Acetonitrile 

355 

0.23 

Methanol 

360 

0.27 

Ethanol 

365 

0.32 

Water 

370 

0.39 
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INH^ in n-heptane/ containing various proportions of methanol were 
recorded. The results indicated that addition of only 2 % of metha- 
nol (v/v) to n-heptane produces a red shift in upto the 

max ^ 

extent of 2290 on whereas the fluorescence maximiam shifted to 
2530 cm only/ in 100% methanol, 

3.3,4 2-Phenvlbenz'tjnldazOle (PBI) 



H 


The absorption and fluorescence spectra in different solv«its 

are shown in Fig, 3.8 and 3,9 respectively. The absorption and 

fluorescence maxima in ethanol match nicely with the literature 
87 88 

value. ' The absorption and fluorescence band maxima/ log s 
and are given in Table 3,4. 

The absorption spectrum of PBI in cyclohexane is structured 
and the vibrational structure can be nicely explained with the ^ 
vibrational freguaacy of 922 cm”^ in with the 0-6 band at 
31545 cm~^ (317 lim) . As exo^cted/ the structure is lost with the 
increase in the polarity or hydrogen bonding natuire of the solvent, 

149 , A.K. Mishra and S,K, DOgra/ Spectrochim Acta, 39 A , 609 ( 1983) , 






(Arbitrary units) 



300 340 380 420 ^^^^^^^^^^ ^ 

Wavelength (nm) — — *> 


Fig. 3. 9 Flubrsscence spectra of 2-phenylbenzimi<3azdle in various. 
... SO'} vents- '■ 
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Table 3. 4. A, Absorption maxima and log of 2-phenyl 

benzimidazole in various solvents. 


Cyclohexane 230 

240 

248 

291 

295 

302.5 308 

317 


(3,93) 




(4.25) 


Acetonitrile 

240 

248 


294 

301 

314 


(3.96) 




(4.28) 


Methanol 

240 

248 


294 

301 

315 


(4.10) 




(4.39) 


Ethanol 

241 

248 


296 

302.5 

316.2 


(4.04) 




(4.36) 


Water 

238.2 




299 



(4.15) 




(4.37) 





Solvent 
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Table 3.4.B. Fluorescence maxima and of 2-phenyl- 
benz imidazole in various solvents. 


Solvent 

^•„^^(nm) 

max 

- • — - - ■■ ■■ ■ . ■■■■■ I 


Cyclohexane 

321 

336 352,5 

367.5 387.5 

0.11 

Acetonitrile 

327 

342 357.5 


0.11 

Methanol 

325 

341 354. 

375 

0.10 ■ 

Ethanol 

324 

341.5 360 

372.5 

0,11 


Water 


.360 


0.13 
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The band maxima is slightly biue shifted on going from cyclohexane 
to water. This opposite behavior of the transition in absor- 

ption spectrum with increase of polarity of solvent can be explai- 
ned as follows. The solvent interaction is a kind of partial bond 
formation. Due to this, the phenyl ring rotates aroxind the single 
bond and the conjugation with the BI ring decreases, thus result- 
ing in a blue shift. Similar to absorption, the fluorescence spect- 
rum in cyclohexane is nicely structured and can be explained by 

—1 

the vibrational frequency of 1391 cm in S^. The 0-0 band in 
cyclohexane is assigned to the shortest wavelength band of 31152 
cm” (320 nm) . This clearly indicates that the geometry of the 
molecule in state is retained in S^, The coupling of vibratio- 
nal frequencies with the electronic motion in and states 
respectively, are different because the electrtnic excitation can 
not change the vibrational frequency by such a large value of 
4 68 cm”^. The small red shift and the Stoke 's shift (absorption 
maximxim to fluorescence maximrim) which shows an increase with 
increasing solvent polarity, can be due to a normal behaviour of 
n-*Ti* transitions. The quantxim yields of PBI in different solvents, 
are nearly the same, indicating and as observed in fluorescence 
maxima shift that the given species does not have any specific 
interaction with any solvent. 
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3 • 3 • 5 2-Hvdroxvben2imlda2Ole(BI0H) (2 (3H)-Ben2imida2olone) and 
1-Methvl- 2--ben2 Imlda^ol Inone ( NMeB I) 



2-Hydroxyben2iinida20le( l) , due to tautomerism can also 

exist in the keto form i.e. 2(3H) -ben2imida2Ol0ne(II) and it has 

been established from the following studies that it mainly exists 

92-94 71 

in the latter form. For example, alkylation or arylation 

by various procedures have always yielded N-methyl (or -aryl) 
rather than 0-methyl (or -aryl) derivative ,plC_ and absorption 

■ cl . 

8995 

spectral study have clearly depicted the presence of keto form, ' 

There area couple of react ions, (e.g. chlorination by FOCI ^ giving 

2 -chloroben 2 imida 201 e etc.) which have indicated the presence of 

hydroxylf group in the molecule. Though there are some scattered 

9 6 97 

studies carried out with absorption spectra in some solvents/ 7 
no systematic study has been carried out on the effect of solvents 
on the absorption and emission characteristics of the molecule. 

The absorption and fluorescence spectra of BIQH in different 
solvents aire given in Fig, 3 , 10 arid 3 ,11 respectively. The ‘ absorp- 
t ion maxima with log e_ and the f luorescen ce maxima with 0 ^ are 



Absorbant« 




Dication 

Water 

Acetonitrile 

Ethanol 

Methanol 
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Fiq. 3. 11 Fluorescence spectra of 2 -hydroxybensijnldazcle in 
various solvents. 
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Table 3. 5, A. Absorption maxima and log 2- hydroxy- 

benzimidazole in various solvents. 


Solvent 1 




Ether 

227 

281 

285 


(3.70) 


(3.73) 

Acetonitrile 

224 


281.5 


(3.83) 


(3.89) 

Methanol 

223 


280 


(3.85) 


(3.90) 

Ethanol 

223 


281 


(3.85) 


(3.89) 

Water 

222 


275 


(4.02) 


(4:oi) 
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Table 3,5 .B, Fluorescence maxima and of 2-hydroxy- 
benzimidazole dLn varioiis solvents. 


Solvent 

X„^^(nm) 

max 

^exc=280 "im) 

Ether 

310 


Acetonitrile 

307,5 

0.36 

Methanol 

306.5 

0.31 

Ethanol 

307.5 

0.34 

Water 

305 

0.44 
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given in Table 3.5. It has been reported by Efros et al®^ and 
90 

Nuhn et al* that the ultraviolet spectra of benzimidazolone 
strongly resemble those of their N,N-dlinethyl derivatives. The 
luminescence spectra of benziraidazolonesshow a fluorescence band 
at 300 to 350 nm.^^ 

BIOH was cortpletely insolvible in cyclohexane or n- heptane 
and hence the spectra could not be taken in a non-polar medium. 
Except in ether, the absorption spectra is broad and the long 
wavelength as well as the short wavelength band systems are sligh- 
tly blue shifted with increase in the polarity or hydrogen bond 
formation tendency of various solvents. The fluorescencse spectrum* 
a broad band under the above circumstances also shows the same 
trend i.e, blue shifted. The quantum yield and Stoke 's 

shift [ T increases slightly with the increase 

in hydrogen bond formation tendency of the solvents. 

As said earlier, this molecule can be viewed as species I 
and II. In the former case, since hydroxyl group is an electron 
donating group, the and band systems of the benzimidazole 

molecule should be shifted bathochromically tpredominantly the 
shorter wavelength L_ band) in corrparison to parent molecule in 

cL 

any particular solvent. The results of Table 3. 5 indicate that 
the longer wavelength band system is shifted bathochromicaily 
whereas the shorter wavelength ons is shifted h3!psochromically 
with respect to benzimidazole band systems’ in any one solvent. 
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The species II can be viewed as i) a benzene moiety with 
two cyclic amino groups ortho to each other and (or) ii) a carbo- 
nyl garoup with two amino groups similar to urea molecule. In the 
former case, the two amino groups, being electron donors and 
possessing charge transfer interaction property, will shift the 
absoarption band system localised on benzene molecule to longer 
wavelength. The effects of these substitutions on 257 nm and 
200 nm bands, originating from the benzene ring, can be calculated 
with the relations given by Stevenson. The values of these 
absorption maxima are found to be roughly at 289 nm and 245 nm 
respectively. Both the band systems agree with the eaqperimental 
values and the agreement would have been further better had the 
BIOH molecule been solaable in nonpolar solvents, where the struct- 
ure in the absorption spectrum (if there is any) is clearly noti- 
ced. The absorption spectra of l-methyl-2-behzimidazolinone in 

( sIds ^ 

different solvents is shown in Pig. 3.12 and the X ' are 

lUCLrC 

listed in Table 3.6. Fortunately, this derivative is soluble in 
nonpolar solvents. Both the band systems show nice vibrational 
pattern and is slightly red shifted with respect to BIOH (II) , as 
expected (methyl group being an electron donating group) . The 
vibrational frequencies taking part with the electronic motion 

—■I- . 

are 425 cm and 770 cm belonging to the benzene ring System, ; 
thus confirming that both the. bands are originating from the \ ^ 

benzene ring. This also helps in explaining theblue shift bbseryed 
in absorption spectra in the hydrogen donating solvent as compared 






70 


Table 3, 6, A. Absorption maxima of 1-methyl- 2-benzimidazolinone 
in various solvents. 


Solvent 


X _„(nm) 
max 


n-Heptane 

233 237.5 246 

276 281.5 

287 293 

Ether 

228 

283 

287 292 

Acetonitrile 

227 

282 


Methanol 

226 

280 


Water 

224 

. 278 


Table 3.6;,B, 

Fluorescence maxima 

of 1-methyl- 

2-benz imida- 


zolinone in various 

solvents. 


Solvent 



X_^^(nm) 

max 


n-Heptane 312 
Ether 308 
Acetonitrile 312 
Methanol 309 

310 


Water 
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to nonpolar one/because hydrogen bond forming solvents will stop 
the lone pairs of ^ NH groups in taking part in the charge 
transfer interaction as 7T-*7I * is the lowest energy transition. If 
the species II is viewed as a second alternative#, the origin of 
shorter wavelength band system can also be assigned to n — 
transition of the carbonyl group having situation similar to urea 
to explain the observed blue shift in ^sorption spectra. But this 
band system in urea occurs at arotmd 205 nm with much lower extinct- 
ion coefficient* Thus the earlier conclusion seems more plausible. 

The blue shift observed in the fluorescence spectra of BIOH 
in different solvents confirm the presence of species II in the 
first excited singlet state. Further# increase in the Stoke* s 
shift# though not much with the increasing polarity and hydrogen 
bond formation tendency of solvents# indicates that the molecule 
is slightly more polar in than in state. The fluorescence 
spectrum of l-methyl-2-benzimidazolinone in different solvents 
(Table 3.6) showing a similar trend and slightly red shifted as 
compared to BIOH in each solvent# also substantiate the earlier 
results. 

Ail these results clearly show that: i) 2-hydr6xybenzinii- 
dazole exists as species II# ii) both the absorption band systems ,; 
originate f rom the benzene ring and ili) the cyclic ^ NH groij^S; 
behave similar to ^ino group and affects the benzene transitions 
accordingly. 
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3.3.6 2“Aminoben2 imidazole {BINH2) 


NH^ 

\ 

H 

The absorption and fluorescence spectra of BINH 2 have been 

studied in different solvents except in heptane or cyclohexane 

where it was insolxible. The former have been shown in Fig, 3.13 

and the latter in Pig. 3.14. log c , and 0^ 

max ^ max max f 

have been listed in Table 3.7. The doxiblet structure of long 

72 

wavelength absorption band of benzimidazole (271, 277 iim) mole- 
cule is lost in all the solvents and both the bands are red shifted 
as coitpared to the parent molecule. Both the band systems in ^ ^ ^ ^ 
absorption are blue shifted and the fluorescence band is red- 
shifted with increase in +-he polarity or hydrogen bonding ability . 
of the solvents. The Stoke 's shift increases under the above 
conditions, whereas the quantum yield decreases. 

It has been shb'wn by Tway and Love that the transitions 
in benzimidazole rtolecule is of ?ir and the ^;sor-- ; 

ption or fluorescence spectra is only slightly affected by the 
interactions of the solvent . Thus : the effect Of solvents on the 




Methanol 





Acetonitrile 



Plg,3^14 Fluorescence spectra of 2 -aminoj:>enziinida’/C>le in 
various solvents*- 
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Table 3,7,B. Fluorescence maxima and of 2-amino- 
benz imidazole in various solvents. 


Solvent 

X„_^(nm) 

max 


Ether 

310 

— 

Acetonitrile 

312.5 

0*31 

Methanol 

313.8 

0.32 

Ethanol 

311.3 

0.28 ■ 

Water 
(pH 7.5) 

319 

0.025 
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spectra would be mainly due to their interaction with the amino 
group, which can act both as hydrogen bond acceptor and hydrogen 
bond donor. The results are quite similar to those observed for 
other arylamines as has been observed in CNH 2 and PNH 2 . 

38 

It is known that in the soibstituted quinolines excitation 
to the lowest excited singlet state results in the charge migrat- 
ion from the carbocyclic ring to the heterocyclic ring. Thus the 

• • 

presence of electron donating group (-NH 2 ) in the carbocyclic ring 
will substantially lower the energy of the excited state in coTr 5 >ari— 
son to that of the ground state. On the other hand, the electron 
donating group on the heterocyclic ring may raise, slightly lower 
or leave \anchanged, the energy of the excited state, relative to 
the ground state, depending upon the magnitude of the stabilization 
energy from conjugation of the exbcyclic amino •group in the excited 
state in the aromatic system, relative to the magnitude of the 
stabilization energy resulting from repulsion of the lone pair 
of the amino group by the 71 cloud of the heterocyclic ring. The 
spectroscopic behaviour of BINH 2 can also be rationalized on the 
same lines because on comparing the absorption and fluorescence 

maxima of 2-aminobenzimidazole with those of 5- eoninobenz imidazole, 

'"\.^;"’:the " 

the values the former are fotand to be lower than those 

latter, thus establishing that the charge migration does ta^ piace^^^'^ 
in BINH, from carbocyclic ring to heterocyclic ring. Further^ tfe : ; 
results of the Table 3.7 also indicate that; the amino group is 
acting as hydrogen bond acceptor in th^ groimd state and hydrog^^^^^^ 
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bond donor in the first excited singlet state. The increase of 
Stoke 's shift with the increase of polarity or hydrogen bonding 
capability of the solvents# confirms the finding of Tway and Love?^ 
that Tt-»K * is the lowest energy transition in this niolecule also. 



In this corrpound there can be a presence of intramolecular 
hydrogen bonding# leading to structure I (hydrogen atom of the 
amino group forming a bond with the pyridine nitrogen atom) or 
structure II (pyrrolic hydrogen atom forming a bond with the lone 
pair of the amino group) # but both the structures form a sort of 
four membered condensed ring syst^n. It does ^pear from the 
models that stiructure I is more stable than structure II. This 
could be due to the presence of lone pair of nitrogen atcM and 
amino hydrogen atom in the same plane, thus the ring 3 formed is 
in the same plane as 1# 2 and 4i whereas the ring 3 formed ^ 
structure II may not be in the same plane as 1, 2r and 4 because pf 
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the steric hinderance of the amino hydrogen atoms from other 
hydrogen atoms and the amino group may develop a tetrahedral 
structure. Prom the nature and shifts of absorption and fluores- 
cence spectra in different solvents it has been tried to ascertain 
the presence of structures I and II and their stability in differ- 
ent medium. 

The absoiption spectra of OBNH 2 have been recorded in differ- 
ent solvents and shown in Fig. 3.15, ‘ The and e of 

max max 

various bands have been recorded in T^le 3,8, Unlike other 
sxabstitu ted derivatives of benzimidazole (possess two band systems, 
one at 277 nm and the other at 240 nm) this corrpound has three band 
systems and this can be attributed to the presence Of intramolecular 
hydrogen bonding thereby resulting in either structure I dr struct- 
ure II (i.e. the formation of four rings) . The absorption spect- 
rum in cyclohexane or in n-heptane is structured, including the 
longest wavelength band, which is broad in all other solvents, 
whereas the structure of the other bands is lost as the polarity 
or the hydrogen bond formation capacity of the solvents increases 
and the hypsochromic shift is guite large in water specially in 
the longest wavelength band. 

Pig. 3.16 indicates that the fluorescence spectra: of 
in different solvents, except in watet, shows two broad bands . 

The and of the two bands are listed in Table 3.8, The 

■ maX' - : 

data, of Table 3,8, show that the short wavelength band gets red 
shifted; whereas the long wavelength : band gets blue shifted with 
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of 2- ( o-ami nophenyl) benK.i.midaaol 
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Table 3, 8, A. Absorption maxima and log e of 2-(o-aminophenyl)- 

max 

benzimidazole in various solvents. 


Solvent 


^ max 
(log 


(nm) 


® max^ 


Cyclohexane 228 250 277 286 290 297 345 359 

(4.64) (4.01) (4.05) (4.13) (4.16) (4.19) 

Ether 223 251 275 290 298 345 

(4.70) (4.32) (4.20) (4.30) (4.17) 

Acetonitrile 222 242 286 344 

(4.43) (4.01) (3.91) (3.97) 

Methanol 222 246 270 287.5 294 335 

(4.48) (4.00) (3.95) (3.92) 

Ethanol 221 249 270 290 297 341 ' 

(4.45) (3.99) (3.95) (3.95) 

218 240 286 320 

(4.70) (4.33) ■ (4.27) (4.18) 


Water 
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Table 3.8'.B. Fluorescence maxima and of 2-(o-aminoph^yl)- 
benz imidazole in various solvents* 


Solvent j 

1 


^f ^^exc=^^^ 

max 


Cyclohexane 

390 

0.014 

530 

0.013 

n-Heptane 

390 

0*014 

530 

0.013 

Ether 

407 

- 

523 


Acetonitrile 

407 

0.093 

520 

0.012 

Methanol 

410 

0.125 

520 

0,008 

Ethanol 

413 

0*126 

520 

0.008 

Water 

417 

0,129 


— ■■■ ■ 


* Except water for which X =320 nm. 





the increase in the polarity and hydrogen bond formation tendency 
of the solvents. Further# under similar conditions# the fluores- 
cence quantum yield of the former band increases whereas that of 
the latter band decreases and the latter band in totally absent 

in water. The fluorescence intensity ratio of the two 

390 

bands is nearly equal in n-heptane and this ratio decreases in 

going from n-heptane ether ■■■■ acetonitrile ---» methanol (or 

ethanol) . Moreover the intensity ratio in methanol could be 

achieved by adding only 2% methanol to n-heptane. It is also 

observed that this intensity ratio of these bands in n-heptane 

-5 -3 

donot change within the concentration range 10 to 10 M of OBNH 
Whereas the intensity ratio ^ ^ 530 /^ 39 ( 3 ) n-heptane increases 
(though small)# with the increase in the wavelength of excitation 
especially towards the red edge of the longest wavelength absor- 
ption band. 

The above results can be explained on the following lines: 
The intramolecular hydrogen bond formation can take place either 
between the pyridinic nitrogen atom and the hydrogen atom of the 
amino group or between the lone pair of the amino group and the 
pyrrolic hydrogen atom (structures I and II) as mentioned earlier 
Possibly the additional ring formation at the pyridinic Genter(I) 
will be more stable due to somewhat increased planarity of this 
ring as compared to structure ( I I) # in which the hydirogen bonded 
amino grOup will tend to develop a tetrahedral structure, in non 
polar medium both these structures are equally probable* being 
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present in a state of dynamic equilibrium (one can imagine only 
a small activation barrier between the two structures) • Thus both 
the forms are present in ground as well as in the excited state. 
Relatively broad/ slightly structured (showing two distinct peaks) 
longest wavelength absorption band in cyclohexane and n-heptane/ 
actually is due to a superinposition of two bands, belonging to 
different forms of OBNH 2 because the uncorrected excitation 
spectra in n-heptane (Fig, 3.17) taken at emission wavelengths of 
390 nm and 525 nm respectively, showed the presence of only one 
maxima in each case, agreeing with the respective long wavelength 
maxima in the absorption spectrum in n-heptane (345 nm and 359 nm) , 
whereas the other short wavelength bands appeared at the same 
wavelength in both the cases (this confirm the earlier conclusion 
that species I is relatively more stable th^ species II) . With 
the increase of hydrogen bonding ^ility of the solvents, the lone 
pair on the amino group of the structure I, gets progressively 
blocked due to hydrogen bonding with the solvent and it will be 
maximum with water. Thus the lone pair of the amino group is 
stopped from the participation of Change transfer interaction of 
amino group and ring. This explains the large blue shift in the 
longest wavelength absorption band (which Is due to the extra ring) 
as conpared to the other absorption bands (which are due to the 
benzimidazole moiety) in water as compared, to other solvents ^ 
Further, the loss in the structure of the long wavelength b^ 
could be due to large hypsochromic shift' of one band relative to 
.other,' 'and thus./ the"' twO'b.ands'' mix: -with .'/each othie'r.''- .■ 



If (arbitrary units) 


■ So 



I- itj .3.17 Excitation spectra of 2- ( o^aminophenyl) bena ithidazoie- 



87 


The above hypothesis can also e 5 <plain the behaviour of 
fluorescence spectra quite nicely in different solvents. In 
n— heptane and cyclohexane# two distinct band systsns are observed 
due to forms I and II# with equal intensity. The lonqer wavelenqth 
band which is due to I, progressively decreases in intensity as 
we go from n-heptane —■ — > acetonitrile — methanol » water and 
the shorter wavelength band# due to structure II# increases in 
intensity. This could be due to the increase; in population of 
molecules in structure II in polar solvents because of the progre- 
ssive blocking of lone pair on pyridine nitrogen atom or due to 

stronger interaction of the solvent with the amino group of I and 

57 

thus quenching the fluorescence# as observed in other arylamines. 
Under the above conditions# the blue shift in the Tong wavelength 
band is due to the interaction of the solvent with the lone pair 
of the amino group and the red shift in the shorter wavelength 
band is due to interaction of the solvent with the lone pair of 
the pyridinic nitrogen atom. It may be noted that the lone pair 
of the amino gioup is not avail^le for the solvent interaction in 
structure li . As said earlier# this behavior is self-explahatory 
in case of 7r — » n* as the lowest energy transition. This# as well 
as the effect of pH (see Chapter 4) which is ah* extreme case of 
intermolecular hydrogen bonding# supports the above assignments 
to s tructureS ■ i ''and TI . ; ^ 

The relativelv srrtall increase in the inteshsity rat i^^ 

(I--„/I,_>,) in n-hepthne with the increase i^^ the excitation 

po-U .-.Syu 
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wavelength (structure II has small ^sorption and increase in the 
above ratio should be more) could be due to the fast dynamic 
equilibrium between the two structures even in the excitad state 
but a definite conclusion cannot be drawn from this study as the 
absorption spectra of the two structures are overlapping each 
other in this region. 


3.3,8 2- (m-Aminophenyl) benzimidazole (mBNH^) 



The absorption maxima ( ) / log fluorescence 

maxima and in different solvents are listed in Table 3.9 ; the 
former is shown in Pig.’ 3,18 and the flatter in Pig. 3 •19. Tlie 
data of Table 3 .9 shows a small xedshift of the longest wavelength 


absorption maxima on going from heptane - chloroform •> ether 


^ acetonitrile and then nearly r^ains steady with pro tic 


solvents. Also there is a loss of absorption band structurre in 
highly polar solvents . The f spectrum; is: e brdad behd 

and largely red'shifted on going f rom; heptane to water. Under the 
above conditions the quantum yield decreases# except in wate^ 



Heptane (sat4> 
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Taible 3.9*A, Absorption maxima and log e of 2— (nv-aminpphenyl) — 
benzimidazole in various solvents. 


Solvent 


®max^ 


(log 


n-Heptane 

225 

237 

254 

293 303 

320 

Dioxane 


247 

255 

302 

322 



(4.17) (4.13) 

(4.35) 

(4.06) 

Ether 


247 

255 

297.5304 

322 



(4.26) (4.15) 

(4.39) (4.40) 

(4.06) 

Acetonitrile 

225 

241 

255 

295.5 302 

323 


(4.50), 

(4,26) (4.06) 

(4.32) (4.32) 

(3,95) 

Methanol 

224 

241 

255 

295.5 303 

323 


(4.52) 

(4.27) (4.09) 

(4.34) (4.31) 

(3.96) 

Ethanol 

225 

241 

255 

29 5 303 

323 


(4.49) 

(4.24) (4.07) 

(4.32){4.31) 

(3i96) 

Water 

220 

242 


295 

322.5 


(4.52) 

(4.25) 


(4.34) 

(3.96) 


Water 
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Table 3.9.B, Fluorescence maxima and of 2-(m-amlnophenyl) — 
benzimidazole in various solvents • 


Solvent 

X.„^„(nm) 

max 


n-Heptane 

360 

0.146 

Dioxane 

388 

0,088 

Ether 

388 

0.124 

Acetonitrile 

387 

0.128 

Methanol 

408 

0.068 

Ethanol 

408 

0.072 

Water 

420 

0.132 
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where it is more than methanol and ethanol but less than heptane. 

The Stoke s shift also increases under these conditions. 

The above behaviour closely resembles the behaviour of 
other aryiamines like CNH^, PNH 2 / INH 2 aPd BINH 2 . Thus it can be 
argued on the same lines that mBNH 2 also behaves like an arylainine 
in its solvent dependence study and acts as a hydrogen bond accep- 
tor in state and hydrogen bond donor in state. The very 
large red shift in fluorescence band maxima can again be attri- 
buted to the formation of a 1;1 solute-solvent complex in the first 
excited singlet state. This hypothesis was tested by adding differ- 
ent proportions of methanol to n-heotane and it was found that 
addition of l,5/o (voltime/volume) methanol shifts the fluorescence 
maxima from 360 nm to 390 nm^ whereas 100% methanol further shifts 
it only to 408, rim. Thus it can be deduced that although the amino 
group acts almost independently as a pure amino group in the ground 

state it is affecting the fluorescence behaviour through an increa- 
ioiteracfcicm 

sed con j ug aeio ft of the Tt cloud of the phenyl ring. The relatively 
low quantum yield for mBNHj, in different solvents could be due to 
increased modes of vibrational deactivation introduced by phenyl 
ring. Thus benzimidazole in methanol has a quantum yield of 0,67,^^ 
FBI 0.10 and rriBNHg 0,0 The relative aloofness of the anirx> group 
in 'mBNH 2 ;: has' beeh; further \srtost^tid in-^the'discxission'- <:>f:'’its- 

'acid-base;' properties^ T 
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3.3,9 2- (p-Aminophenyl) benzimidazole (pBNH,) 

The structure of the molecule is given on P.lOO, The 
absorption spectra and the fluorescence spectra in different sol- 
vents are given in Pig. 3.20 and 3.21 respectively, the \ (abs), 

rn€oc 

®max ^max^^^^^' ^f given in Table 3.10. The two nor- 

mal absorption band systems of benzimidazole molecule are kept 
intact except that both are red shifted but the third band system 
^^max^^^^ *^ 207 nm) is also observed. The long wavelength band 
is a doublet/ like that in benzimidazole/ but the structure is 
lost and also it is red shifted as the polarity of the solvent 
increases except in water where the broad band is red shifted with 
respect to n-heptane but blue shifted relative to methanol and 
acetonitrile. The structure of the second band system Undergoes i 
a similar change of structure loss but the band maxima is regularly 
blue shifted. The fluorescence spectirum is nicely structured in 
less polar solvents (n-heptane/ dioxane and ether) and can be 
explained by the vibrational frequency of 1390 cm*’ ^ in S- and this 
is similar to that observed in 2-phenylbenz Imidazole (P.5j6)> This 
at least proves that the origin and nature Of this particular 
transition band is the same in PBI and pBNH^, To substantiate 
it even further, low tenperature fluorescence spectra; of PBNH 2 was 
taken in water. Again the vibrational structure could be nicely 
explained by a vibrational spaGlng ^of i^? cmr- . ; Another 1© 
wavel ength fluorescence band (maxima at ~ 500 ;nm> is observed 
whose intensity is much less than that of the short 




Fig *3 ,20 Absorption spectra of 2-(p-aminophenyl)faeh5^:imlae540ie 
in various solvents. 
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Table 3. 10* A, Absorption maxima and log e of 2-(p-amino- 

max ^ 

phenyl) benzimidazole in various solvents. 


Solvent 


X 

max 

( log 1 

(nm) 

®max^ 



n-Heptane 

207 

•«-270 


310 

330 

Dioxane 

- 

258 268 

(3.64) (3.70) 

277 

(3.73) 

318 

(4.27) 

333 

(4.09) 

Ether * 

210 

(4.35) 

257 268 

(3.71) (3.78) 

276 

(3.82) 

316 

(4.37) 

331 

(4^21) 

Acetonitrile 

211 

(4,32) 

257 267 

(3.68) (3.64) 


316 

(4.27) 


Methanol 

210 

(4.37) 

«« 260 (broad) 
(3.68) 


317 

(4.32) 


Ethanol 

210 

(4.38) 

*- 260 (broad) 
(3.62) 


318 

(4.27) 



207 255 (broad) 

(4.39) (3.73) 


313 

(4.30) 


Water 
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Table 3-10*B. Fluorescence maxima and of 2-(p-aminophenyl)- 
benz imidazole in various solvents. 


Solvent . 1 


^max 

(nm) 



n-Heptane 

334 

350 

368 

384 

0.485 

Dioxane 


348 

363 

380 

0,453 

Ether 


348 

363 

380 

0.775 

Acetonitrile 



370 


0.822 

Methanol 



376 


0.900 

Ethanol 



378 


0.836 


382 0.852 


Water 
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fluorescence but their intensity ratio lemains unchanged with the 
change in concentration (lO ^ - 10 ^M) , solvents and pH of the 
solution. 

The very structure of PBNH 2 is suggestive of a direct 
conjugation of the lone pair of the amino|lgroup with the rest of 
the molecule^ xonl ike inBNH 2 ,thus making the phenyl ring in the same 
plane as that of benzimidazole in the excited singlet state# 
probably by increasing the bond order between the two ring systems* 
The loss of band structure even in slightly polar solvents shows 
clearly that the amino- group is interacting directly with the • 
benzimidazole moiety. The red shift observed in the long wave- 
length maxima and the increased stoke ‘s shift confirms the wit* 
character of the transition and the small blue shift in 

absorption spectra in water# relative to methanol or other polar 
solvents could be due to the fact that water here is acting 
preferentially as a hydrogen donor solvent to the lone pair of 
amino group ( following the es^lanation offered for other amino 
compounds). 

The fluorescence does show a red shift on going from heptane 
to water# but it is only about 20 nm as cortpared to 60 nm for 
mBNHjj, This suggests that the formation of an in solute-solvent 
complex# which was responsible for a very large red shift in^^^n^^ 
is not taking place in this case# prob^ly due to a reorganisation 
and delocalization of charges through conjugait The S’^^W 

s h if t is p rob ab ly similar to that g iven in the case of g^aminor 
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benzimidazole i,e. presence of electron donating grov^j in the 
heterocyclic ring. 

The quanttim yield values for pBNH^ are interestingly very 
^i^T^ show an increasing trend from nonpolar to polar solvents. 
An e3<planation for this very high quantum yield is difficult, but 
probably the other resonating structure II make the molecule more 
planar and somewhat rigid, thereby decreasing many vibrational 
deactivation modes and this could lead to an increased quantum 
efficiency. 

The presence of long wavelength band could not be explained 
from this study and is still under investigation. 



CHAPTER~4 

EFFECT OF pH ON ABSORPTION 
AND FLUORESCENCE SPECTRA 

4.1 Introduction 

The basicity or acidity of a molecule is directly related 
to its electronic structure. Since transitions are, in general, 
accompanied by a reorganisation of the molecular electron density, 
the basicity or acidity of such molecules may vary significantly 
from one electronic state to another. The shift in equilibrium 
position between the ground and the excited states is reflected 
by the spectral shifts of the absorption and the fluorescence 
spectra of both the acidic and the basic forms of the molecules. 

A brief description and principle of each method winich have been 
used to determine the ground and excited state acidity constants 
is.discussed-.below. 

G round state equilibrium constantS ^^^ 

The dissociation reaction of any acid can be represented^ a 
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and the equilibri-um constant by the relation 

[B] 

pH = pK + log - — -- (4.2) 

Lbh'^J 

where [ B j and [ BH’*’ ] are the concentrations of the base and its 
conjugate acid respectively, pH represents the hydrogen ion 
concentration at the above concentration of the species and pK ^ 
the equilibrium constant of the above reaction. Thus can be 
calculated if one Icnows the concentration of each species at the 
specific pH and these can be calculated spectrbphotometrically as 
follows ; 

(i) If the absorption spectra of acid and its conjugate base do not 
overlap# one can choose the two wavelengths# which only represent 
the respective species# and measure the atosprpanceS (A) as a 
function of pH. The concentration of each species can be calqula^^ 
ted from the Beer-Lambert*s law i.e^ 

A =;'::e ci ■ ■ ^ (4.*3) . 

where e # is the extinction coefficient at the respective chosen 
wavelength* 1# the pathlength and c# the concentration, s can be 
calculated from the solution of known concent rati^^ which contains 
..only the one. specific form. . ■ ■■ ■ 

(ii) If the absorption spectra of both the species overlap each 

other# absorbances are measured at twb chosen wayelengths 7 ^ 3 ^ 
and ■■ ■ 
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=BH+.1+ ®M<B)Cb1 

( 4 . 4 ) 

j = ®X W 1 + «x 

( 4 . 5 ) 


The values of _ s of each form# at each analytical wavelength 
can be calculated as mentioned in (i) and the concentration of 
each species as 






e, (B)- e, (BH’^) 8 . (B) 


( 4 . 6 ) 


A - e . (B) - Av 8. (BH"^) 


e- (B) e. (BH*^) - S . (B) 8^ (BH'*') 

Xi Ao ^ o 


( 4 . 7 ) 


if pathlength is 1 cm. 


Excited state acidity constants 

Broadly there are two different methods to determine the 

excited state acidity constants apart from the dynamic method; ^ 

112 

involving time dependent fluorescence spectroscopy. One method 

uses Forster cycle to calculate the excited state acidity constants 
using spectral band maxima for the acid form and its conjugate 1^^ 
form. The other is fluorimetric titrati^^^^ Both the 

methods/ with their merits and limitations are discussed below. 
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• • 

4 • 4 Fors-fcer Cycle Method 

A thermodynamic cycle named after Porster^^^ is based' upon 
the thermodynamic ecjuivalence of all routes from the ground state 
of the acid to the thermally eguilihjrated state of the conju- 
gate base* Prom the energy level diagram (Pig* 4.1) it can be 
seen that there are two mechanistically different but energetically 

equivalent pathways from the ground state and BH'*' to the excited 
* . 

state base B , 

* 

B 



Pig. 4.1. The Porster Cycle 

So it follows that 

AE + = AE; ^ '(4*8): 

where AE and AE' are the energies of the 0-0 electronic 
transitions of acid and its conjugate base and ^d AH are 
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the enthalpies of acid ionization in the ground and excited states 
respectively. 

From the above equation 

AE - AE* =: AH “ AH* 

= ( Ag + .T A S)-( AG* + T AS*) (4.9) 


where AG and AS are the free energy and entropy changes 
respectively (excited state values are denoted by asterisks)* 
Assxaming AS == As , it follows from (4.9) 

AE - ae' = Ag - ag* 


or 




RT (inK -inK *) 

, , a- ■ cl 

Ae - ae’ 

2.303RT 


(4*10) 


NhC 

2.303RT 




(4.11) 


At 25°C it becomes 


pK^ - pK^* = 2.1 X 10'® ^ (4.11a) 

where ¥ and ' are the wave nvurbers of 0~0 transition f rom BH'*' 
to BH'*'* and B to b'^ respectively. These wave nvmibers can be 

determined from either absofptionvfluorescence spectra or the 

average of ^sorption and fluorescance maxima. Knowing pK^, 
can be calculated. 
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The accuracy snd the liinitations of this method have been 
reviewed in detail by many authors^ which in - 

general are based on the following- nnc . 

While measuring the values of v and V ' from es^eriment# 

it has been assumed that the electronic states in-volved in the 

ground and excited states are the same. But if two different 

states are involved in fluorescence of and B, the application 

54 

of Pb’rster cycle becomes meaningless. For exan 5 )le it is loiown 
that is the lowest singlet state in benzimidazole and is 

the lowest state for its cation. 

If there is a conformational change in the excited state 

or photo-tautomerism leading to a different geometry and structure 

of molecule# a large entropy error associated with the configurati- 

24 ■ 

onal change is introduced in the, Forster cycle' calculations. 

In aromatic molecules where there is not Ttiuch cdiange in 
molecular electronic structures subsequent to excita-tion» it is 
reasonable to assume that the entropy of protonaticai -would be 
nearly equal in the ground and excited electronic states. For 
example in case of prbtolytic dissociation of f>—naphthylaranonium 
ion/ it has been shown that the maximum error caused by 
assumption is not more than +0*2 units in the ApK^^v 
calculating pK*’ s at different temperatures/ Weller showed that, 
there was practically no difference in hS for the ionization 
of i^-naphthol in the 5^ and states# despite a large change in 
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pK and obvious differences in solvation between the acid and its 
a 

base. Similarly in aromatic acids it was found that TAS do not 

150 

contribute more than 1 pK unit. 

a 

Only the 0-0 vibronic transition frequency is to be used 
% 

for calculation of pK's by Forster cycle method. The spectra in 

a 


aqueous solutions at room temperature are usually broad and 
structureless and the 0-0 band cannot be located easily. If the 


vibrational spacings in the ground and the excited states are 
same/ there exists a mirror image relationship between the long 
wavelength absorption band arid the fluorescence band. In such 

cases, the point of intersection of the two bands can be approxima- 
ted to 0-0 frequency. 


In fact if this condition is valid and solvent relaxation 
is same for both species in the excited state, only ^sorption or 
only fluorescence band maxtea can be usefl for calculation. of pK^. In 
general this is not the case and the average of absorption and 
emission band maxima can be used to approximate 0-0 transition 

frequency of the electronic transition. This is swpose 

in a cancellation of the energy discrepancies between the conjugate 


species due to unequal thermal relaxations. This technique often, 
but not always, yields good results. If the error Introduced ,^e . 

to thermal relaxation in one of the methods (tabing only absorption 


or only fluorescence) is unusuaily large, the error will be distrl 

bu ted while averaging* 
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The above discussion clearly shOT.’s that the accuracy of 
pK^ obtained by Po’rster cycle method depends upon the choice of 
the method employed which in turn depends upon the validity of 
the assumptions made. 

The following formulas are used for calculating the pK* 

■ SL ■ . 

values! 

(i) Absorption only: 

pKa-pK*. 2. 10x10-3 (4.12) 

(ii) Fluorescence only: 


PVP’'! = 2.10x10-3 ( 


(iii) Average of absorption and fluorescence 

pKa-pK^ . 2.10x10-3 ( 


(4.13) 


(4.14) 


where 


V 


^abs ^flu 


ave 


ave' 


^ abs ^ ^ flu 


.,(4.151 
'■ V ■, (4.16); 

V is the frequency maSEima for the conjugate acid BH and 
V* for the conjugate base B. 


'■ 27 

■4.5 Fluorimetrtc Titration Method 

In this method fiubrescence of a given sanple is measured 
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at a selected wavelength for a series of proton concentrations. 

The sainple is excited at the isosbestic point to ensure equ^ 
population of excited state species of the acid and its conjugate 
base. If both the species involved in the equilibrium are fluores- 
cent, the relative fluorescence intensity I/I^ can be plotted 
against H^/pH/H_^, similar to absorptiometric titration. If the 
prototropic equilibriiam is established within the lifetime of the 
excited state, a plot of I/Iq against solution acidity will give 
a sigmoid curve whose point of inflection is a measure of the 
dissociation constant in the excited state. But if the rate of 
fluorescence is relatively too fast, the prototropic equilibrium 
is not established in the excited state before the emission takes 
place, the curve will only give gro\ind state equilibrium constant. 
Generally this occurs if the lifetime of the excited species is 
short and/or if there are insufficient nxmber of protons in the 
medi\im to establish equilibrium in the excited state, which may 
occur in the mid-pH region, in the latter case the rate of proton- 
transfer in the excited state can be increased by the addition of 
buffers. It has been shown^°^'^°^ that concentrated buffers help 
in achieving the excited state equilibrium provided buffer ions 
do, not ''quench, the fluorescence of the' 'excited''' species-: 

4.6 Proton Induced auenchinq o f aromatic amines 

It has been commonly observed in tlie f luorin^tri'C titrations 
of aromatic amines that there is no correspondence between the ^ 
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qusnchincf of aromatic amine fluorescence and the fluorescence 
intensity due to the formation of arylammonium ions at modeirate 
hydrogen ion concentration, This phenomenon was explained 
due to the formation of a nonfluo rescent solute— solvent conplex 
in the first excited singlet state. Recently Tsutsumi et al^^^ 
and many others have shown that this behaviour at moderate hydrogen , 
ion concentration is due to proton induced quenching of neutral 
amines* Isotopic and other studies have indicated that this 
phenomenon is because of an electrostatic and covalent interaction 

. ■ 4 . ■ 

between H and a suitable carbon atom in the excited state. The 


introduction of electron donating groups in to the aromatic ring 
gauses a charge migration from the substituents into the ring in 
the excited state. This tendency is enhanced by solvation of the 
excited state in polar media, Thus^ the excited state has an 
intramolecular CT structure with an increase of the basicity of 
the aromatic ring. Thus (i) intramolecular charge transfer is 
responsible for the proton Induced quenching and (ii) the proton 
induced quenching is caused by electrophilic protonation at one 
of the carbon atoms of the aromatic ring, COnplete kinetic model 


for the proton transfer reaction of aromatic amines have: been 
proposed by Tsutsumi et al and the sch«ne is given below, r 



t4*i7) 
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where and represent the rate constants for the fluorescence 
and radiation^less quenching^, and k^- are the forward and reverse 
rate constants for the proton transfer reaction. Unprimed . 
quantities refer to and primed quantities to If all 

the exciting radiation is absorbed only by the photodissociating 
acid, then applying steady state approximation, the following 
equations can be obtained; 


0 __ It [k^ ^ k; (1 + k^ T^)] [h+] 

^o 1+ Vo+ t + Vo^] "^o C 


(4.18) 


0[ 

ll 


’"l^O 


o 1 ^q^ Vo^^ ''^o 


(4.19) 


where f and t' are the lifetimes in S. states and ahd 0‘ 
Q O -L : w 

are the quantxm yields of the BH’*' and B respectively. 

The quenching rate cdnstant, k^, can be estimated from 
equation (4,19) as follows; Writing equation (4.19) as 


■yr 


* 1 + 


[k' + k^ U-t k^ Tq) 




^1 ^o 


t' tH"^] (4i2b) 


For large values of and moderate tH+] : ( < 0,5 

mol dm“^) the following equations should hold; 
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ki >> 1 

and << k' 

1 1 o ^ ^ q 

and equation (4.20) can be sin^lified to 

■#■ = 1 [hT (4.21) 

A stem-volmer plot of 0^0' against [h'^] would give a linear 
relationship and from the slope of the plot/ knowing the value of 
t'q 'the rate constants for proton induced quenching (k*) can be 
found out. A deviation from linearity at higher proton concen- 
trations may occur because of (i) a large variation in ionic 
strength at higher proton concentrations/ (ii) a more specific 
short range interaction between BNH 2 and H- may become dominant 
as reported by Weller and (iii) the nonavailability of free 
water to accept protons from as the water molecule may have . 

been protonated due to higher acid concentration. Therefore/ 
kinetic analyses involving proton induced quenching should be 
carried out at moderate acid concentration ( [ h*^] < 0.5 mol dm”^) , 

4,7 Lifetime estimation 

The lifetime Tq or Tq ■used in the above kinetic model can only 
be accurately determined from lifetime measurements with a time 
dependence fluorimeter. To get an approximate estimation of life- 
times which can in fum provide an approximate ld.ea pf the order 
of induced < 3 ^ rat© cjorist^t# Strickler aiid 
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formula has been used which was developed for aromatic hydrocarbons 
in a noninteracting medium. The formula gives reasonably accurate 
results if the mirror symmetry relation is valid. In its final 
form the equation is 


1 8 71 X 2303 cn^ 





where is the radiative transition probability related to 
radiative lifetime i The molecular lifetime ( in any 

solvent can be calculated from the relation (4*23) where p is the 
quantum yield of the species in that solvent. 


is the velocity of light, 'N' is the Avogodro n\amber 
and 'n* the refractive index. These relations assume a noixiispers- 
ive molecular environment. If th® refractive index n = n^ in the 
fluorescence region and n = n^ in the absorption r^iOn, then n 
is replaced by n^/n . These effects can be signif ic^t in pure 
aromatic liquids of in concentrated solutions . The integrals are 
taken over the *“ flUorescenc® spectrum and the S^— absorp-r 
tion 'spectrum' refpectivelyi ^ 
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4-8 Results and Discussions 

4 .8.1 6-Aininochrysene(CNH«) 

■ ^ 

The prototrppic equilibria studied in the ground and excited 
states are 

CNH 3 + CNH^ + (4.24) 

CNH 2 - 1 - *- GNH“ + (4.25) 

where CNH^ and CNH are the cation and the anion of CNH 2 respecti- 
vely. Because of the poor solubility of CNH 2 in water, the pH 
dependence study was carried out in 30% Me 0 H-H 20 . The ^sorption 
spectra of CNH 2 were investigated in the basicity-acidity range of 
Hq-S to H^16 and the absorption and fluorescence spectral maxima 
of different prototropic forms are listed in Table 4.1. The 

absorption spectrum of cation, as shown in Fig. 4.2, is structured, 

S3 ■ 

blue shifted and resembles that of Chrysene. The pR^ for 

.oL’ 

equilibri'um 1 was calculated spectrophbtometrically and foruid to 

be 3.15, which is in good agreement with the literature value. 

The pK^ .of equilibrium 2 could not be calculated as there was no 

significant change in the absorption spectrum of CNH 2 even at H^16 

' ' ■119' 120 

and this behaviour resembles with other aromatic amines. * 

147, A.K. Mishra and S.K. Dbgra, J. Photbchem, 163 (1983) . ^ 


Neutral 

Cation 
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Table 4.I. Absoiption maxima and fluorescence maxima (0^) of 
different prototropic forms of a^H 2 at 298K, 


Forms 


Neutral 225 233 273 340 

Cation 215 240 257 267 285 296 310 



flu(nm) 

X 

^f 

max 


470 

0.16 

365 383 406 429 

0.17 


Table 4* 2, Ground and excited state equilibria of C3!?H2 at 298K 


Equilibrium 


Forster cycle method 

PKa P< 



' isosbes t ic ( nm) 


(abs) (fl) (av) 


Cation Neutral 3.15 -2.35 -4.17 -3.26 -3.4 
Neutral—* Anion >14 - - - 12.6 
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The fluorescence spectra were studied in the range to 

H^16. Only two species, the neutral molecule and the cation were 

observed to fluoresce. The spectra are reported in Pig, 3,3,p. 39 

As has been found for 9-phenanthrylamine, the aminoquino^ 

lines^"^' and 5-aminoindazole,^® the imino- anion does not emit 

in basic media and unlike 9-phenanthrylamine,^^‘^ a-and -naphthyl 
121 

amines, no dianion emission is obseryed at 298K under highly 
basic conditions, 

ic 

The pK^ of equilibrium 1 at 298K was calculated by using 
Forster Cycle method and absorption, fluorescence and average of 
the two band maxima. The values are listed in Table 4.2. The 

vV 

pK (l) and pK (2) were also calculated with the help of fluori- 

■8l cL ' 

metric titration curves, shown in Fig. 4.3, and the pK^ values 
determined from these curves for the two equilibria are given in 
Table 4.2. It can be seen from Figure 4.3 that the fluo res cehce 
intensity of CNH 2 is quenched with decreasing pH and The 

mid point of the quenching is at pH which cannot be the 

of equilibrium 1 , as the fluorescence spectrum of is only 

observed belOw pH 0, and its intensity increases with increasing 
hydrogen ion concentration. The mid-point of this ^cpease is at 
H -3,4, which is the pK* of equilibrium 1 . The shaip f luordmetric 
titration curves show that the formation of CNH^ 
within the lifetime of the excited neutral sp®®i®s> 

The value of pK* (l) ; obtained us i^^^ Forster cycle 
.absorp'tion data ;;does;':nbt agree- with ..thst;-' obtained ■ b^:-Tiehy,-'et '-.al, 
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Fig>4,3 Plot of I/I^ as a funetioti Of Hq/pH/R^ of CNH 2 298K 
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employing the same procedure. This difference could be due to a 
different assignment of v and v in absorption spectra.. 

The absorption spectrum of the former is very sharp with three 
peaks of almost equal intensity whereas that of the latter is 
a very broad band. . The fluorescence spectrum of two species are 
better behaved than the absorption one. The difference of 0.77 
units between the pK* (i) values, determined with the Forster 
cycle method using fluorescence band maxima and that calculated 
from fluo rime trie titrations may be due to the difference in the 
solvent relaxation of the excited conjugate acid-base pair in 
highly concentrated acid solutions or use of band maxima rather 

“ic 

than 0-0 transitions. The agreement between the pK^ (FT) and 
pK''(ave) for equilibrium 1 may be due to the cancellation of 
solvent relaxation in the ground and excited states, acting in 
opposite directions. 

The lack of correspondence between the onset of the fluores- 
cence quenching of CNH 2 and the appearance of CNH^ fluorescence 
clearly indicates that the fluorimetric titration curves do not 
describe a simple conjugate acid-base pair equilibrium in 
electronic state. Rather, these curves indicate proton 3j3du<^ 
quenching of CNH^ fluorescence at moderate 3 » has been 

shown that this process competes with the proton transfer reactic^. 
Similar behaviour has been observed in many aromatic emino^^^ 
compounds . Although under these circumst^ces an accurate 

■ v^lue: f or-'the',,pK* hstermined using';,-; 
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time dependence fluorimetry, the mid-point of CNH^ fluorescence 
curve will not be far from the true value. 

The kinetic model by Tsutsumi et al^^^^ discussed 

earlier (P.llO) . The lifetime of CNH 2 calculated using the 
Strickler and Bergs^^^ equation and was foimd to be 5.6 ns. The 
lif 0 tiiTie of CNHj is found to be 50 ns* Now under the conditions 
t^(CNH 2 )> T^(CNH 2 ) and [h"*"] is quite small, the equation 4.21 
(P. 112 ) is valid. Accordingly |(0^0)-lj has been plotted against 
[H"^] in Pig. 4.4 and the value of k t« obtained from the slope is 
8.1 dm mol"* . The value of k thus obtained is 1.5 x 10^ mol^^ 
dm s which is of the same order of magnitude as that observed 
for other amino coitpbunds (10®-10- dm^moi”^s“^) 

The fluorescence of the neutral molecule is again quenched 
when the pH is increased above 10 and quenching is ccxt^lete at 
pH 14. 

This may be due to the formation of the gnh” species as the 

122 57**S0 

imino-anions of aminopyridines, aminoquinolinesi ~ 9-phenan- 
thryl amine, and S-amihoindazole are known to be nonf luo rescent. 
The mid point of this quenching occurs at pH 1216, which is the 
pK* for equilibrium (2) between the neutral molecule -and CNH''. 

This indicates that CNHg is more acidic in state than in 
state, as has been found for other aromatic amines. Unlike 
9-phenanthryl amine, a- and jb-naphthylarilnes, dianipn • 

cf : 'CNH^ ■ is ' not ■ .'formed at' .'all'', even-, at '■ H_1.6, ■ or .'.'if . it.'' .is ■■.■.fo'rmed 
under’ such coiiditiQnsl.';,it ".does;-; not :;^it.;;::;:."^; ' 
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4.8.2 3*^Aminofluoranthene(FNH-)^^® 

nr rrTT — riifp ii„'.i ^ 

Due to the poor solubility of FNH^ in water, the prototropic 
equilibria (l) and (2) have been studied in 30% methanol/water 
mixture. 


FNHt 

3 

; ■'1-' 

■T:'"’ 


FNH 2 + 

(4,26) 

FNH^ 

2 


FNH“ + H*" 

(4.27) 


The absorption spectra of FNH^ in this media have been 
recorded in the basicity/acidity range of H^-6 to H_16, The 
absorption spectra of FNH^ cation is blue shifted, structured and 
resembles that of fluoranthene, as esgjected (Fig, 4,5). The 
pK (l) is found spectrophotometrically to be 3.15. The agreement 
with the literature value of 2.85 (50% methanol/water) is quite 
good^^^The pK (2) could not be calculated as there was no signi- 
f leant change in the absorption spectra even upto H_1 6, indicating 
that pK (2), similar to other amino confounds and , is greater 

than 

The fluorescence spectra of FNH 2 have been studied in the 
range of H -6 to H 16 in 30 % me th^olr water. Only the neutral and 
cation species were observed to fluoresce (Pig. 3^5, P,46 ) . The 

absorption and fluorescence maxima of different prototropic fortns 
are given in Table 4,3, The fluprescence Of FNH^ was quenched \ 
after H 14 and emiss ion from other species was detected even 

;::T48..; ■ Mishra"ahd';8,.K^'^:Pbgr%v'j* 

',in press.' 
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Wowitngth (ran) 
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Table 4«3. Absoiption maxima and- fluorescence maxima (0^) 
of different prototropic forms of PNH„ at 298K. 



Neutral , 220 244 325 366 300 406 535 0.150 

Cation 207 234,5; 274.5 285.6; ,310 323 342 357 475 0.224 


Table 4.4, Ground and excited state equilibria of PNH^ at 298K 
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upto As said earlier# the absorption spectrum of FNH^ 

resembles that of fluoranthene very closely# and it has also been 
noted that band reversal takes place between the longest wavelength 
absorption bands of fluoranthene# when aminoijgroup is substituted 
at 3— position# so FNH^ emits from different electronic state 

than FNHg • So, strictly speaking# PSrster cycle method# enploying 
absorption or fluorescence data# cannot be used with accuracy. 
Moreover even using high concentration < it was not 

possible to identify properly the much less intense longest wave- 
length absorption bands of PNH^# which is buried under the relati- 
vely more intense second band. The ground and excited state equili- 
brium values are listed in Table 4.4. 

The fluorimetric titration curve , is shown in Fig. 4^ 6. The 
appearance of fluorescence intensity of the cation and the dis- 
appearance of fluorescence intensity of the neutral species do not 
exactly correspond each other i*e. the two curves do not intersect 
exactly at the middle ( 50®4) but at *“35%# indicating that a very 
slight proton induced quenching of the neutral species may be taking 
place* The pK’'(l) has been calculated from the formation curve of 
FNHg and the value obtained is >- 2 . 2 . : this b 
crulte different from other aromatic amines^ where there 
correspondence of the disappearance of neutral amines and the : 
appearance Of the respective ammpniura ion* As stated in the case 
of CNH*# appreciable proton induced quenching of neutral aryl amines 
at moderate, hydrogen ipn conc®httations is observed. As^^^ h 



Plot of i/l„ as 
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been discussed earlier in this chapter this quenching has been 
attributed to (i) intramolecular charge transfer and Cii) electro- 
phillic protonation at one of the carbon atoms in the excited state. 


In the present case^ it has been shown# by theoretical calculati- 

118 124 125 

ons/ from infrared data and the pK measuronents that the 

, 9 . ' 

conjugative power (i.e. cha)»^e transfer interaction) of amino 
group in fluoranthene at position 3 is maximum, thus indicating 
that fluoranthene differs from the usual benzenoid hydrocarbons 
and behaves as non-altemant even in ground state. In other words 

there is a significant interaction between the benzene and naphtha~ 

lene portions of the molecule. Though no data about the charge 
densities at the nitrogen atom, at each carbon atom and the vibra- 
tional frequencies in state, regarding FNH^ molecule, are 

available, the pK*(l) has shown that aryl amnonium ion is a stronger 

.9 

acid in than in S^, This means that charge migration will be 
more in the excited singlet state, thereby fulfilling the first 
condition. On the other hand, fluorimetric titrations have al 
indicated that the rate of proton induced quenching of the flupres- 
cehce intensity of PNH^ ds much smaller than the rate of protonatiOn^ 
depicting clearly that the interaction between^e benzene; ^ 
naphthalene rings is hlso stidng even; in . to th^^ 

charge density at the proper carbon atom of ^ t^^^ 

not be large since migrated chaise w^ 

on the carbon atoms of: the ring. This means . ^ 

..protpnation; atjoneb^^^ .the; carbon:, atom;:: of 
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f luoreinthene molecule is 210 ns.^^T Multiplying this by the 
fluorescence quantum yield of PNH^ in water ( 0 . 15 ) gives an approxi- 
mate molecular fluorescence lifetime of 35 ns. Taking to be 
35 ns and under first approximation, neglecting k^, the value of 
kjl^ obtained is 8,9 x loSis whereas that of k^ is 2.9 x lO^s”^. 

The value of pK^(l) = -•log(k^/kp thus calculated is - 1 . 51 . The 
agrsament between the values of pK^(l) obtained by the la^er 
mothod and that obtained fjcom the midpoint of the formation curve 
of FNHj is too good to believe^ considering the inaccuracies in 
T and but one thing is certain that k « kl . 

The fluorescence of the neutral molecule is again quenched 
when pH is increased above pH 13 aid quenching is complete at H_i6.: 
The quenching is due to the formation of anion and pK (2) obtained 
from the midpoint is at 13.8, indicating that PNH 2 is more acidic 
in Sj than in S^, as noticed for other arylamines, 

4.8.3 6-Aminoindazole(INH2) ; 

Absorption spectra of INH^ ha^® ^®®^ 
and acidity range of H^16 to Hq- 1Q. F state pr^totrbpiC' 

species# a dication(I) # a mionocation(TI) , the neuttal molecule 
and an anion(IV) have been observed. , T^ absorption spectra of 
these four species have been, depicted in Pig* 4> 8, and 
are listed in Table 4.5, The absorption spectral shifts due bo 
the'- fbrrnatibn. ,.6f 'yabious.:::'apecies'.at:--diffe'^^ ,:is- 


DIcotion (1^ 
Mofvocation CII) 
Monoanion (IV) 
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Table 4.5. Absoiption maxima (log ) and fluorescence 

IHolX 

maxima ( 0 ^) of different prototropic forms of 
INH2 at 298K. 



Dics.tion 

★ 

Mono cation 

Neutral 

Anion 


249 256 

(3.70) (3 , 64) 

249 256 

(3.48) (3.43) 

225 275 

(4.26) (3.67) 


291.5 302 

(3.65) (3.70) 

285 292 

(3.64) (3.56) 

289 294 

(3.78) 

295 

(3.80) 


365 0.14 

425 0.31 

370 0.39 

365 

(77K) 


* The other monocation formrin the excited state fluoresces at 
320 nm. . ' - . . 

Table 4.6. Grotind and excited state equlibria of INH^ at 298K 


Equilibrium 




272 

272 

265 


Neutral (III) 

n " '■ ■■ 
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very small. 


which is in accordance with the solvent shifts thus 


reiterating the earlier conclusion that in the resonance 
effect (i.e. charge transfer interaction) of the lone pair of 
amino group is not very large. On decrease of pH frcan 7, the 
absorption spectrum of INH^ gets slightly blue shifted and the 
structured spectrum resembles that of indazole.^^^. This indicates 
that the first protonation takes place at the amino groi^i, similar 
to that observed in otbor arylaminesi^^^ On further decrease of 


pH, the absorption spectrum is slightly red shifted to that of 

monocation. This could be due to the protonation at the pyridinic 

nitrogen atom because simiia,r behaviour is noticed when the proto- 

nation takes place at the similar nitrogen atom of pyrazoles^^*^'^^"^ 

and aminoquinolines.^'^''®*^ On InGrease of pH from 7, the absorpticwi 

spectrum of the anion is slightly red shifted as compared to that 

of neutral species and could be due to the formation of anion by , 

deprotonation of the pyrrol ip nitrogen atom because as stated 

earlier, the deprotonation from an exocyclic amino group in the 

119^1 20 

ground state usually takes place at H_ value >16, ■ 

Prom the above results the various prototropic reactions in the 


ground state can be written and are shown in Fig. 4* IQ, 


The 


various ground state eguilibrixim constants tpK) are listed on ; ■ 

arrows and in Table 4.6. The value of pK^ obtained for monocation^ 
neutral species equilibrium agrees nicely with the literature ; ^ 

value. Further the values of pk^ for monocatic^neutral form^ 

and neutral-monoanioi^fprm are slightlY greater t^an those 0^^ 


Oicat'fon (1) 
Mcnocation {V) 
Monocation {ID 
Neutral (III) 
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A(nm) — » 

Pig, 4, 9 Fluorescence spectra of various prototropio forms 
of IHH* at 298K. 
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indazole. This is consistent with the theory that the electron 

donating groups, such as amino and methyl , increase the basicity 
of the molecule. 


The fluorescence spectra of INH^ have been studied in the 
range of H_^16 to H^-10, The neutral species, in the pH range of 
6 to 11, showes the fluorescence maxima at 370 rum. VWhen the pH 
is lowered below 6, the intensity of 370 nm band starts decreasing 
and is quenched comoletely at pH 3. In this range of pH, a new 
blue shifted, structured fluorescence band with maxima at 320 nm 
starts appearing which resembles the spectrum of indazole 
molecule. Like the ground state prptonation reaction, the 
species present in state seems to be a monocation protonated 
at the amino group es it is well known that in the transi- 

tions, the protonation at the amino group of aromatic rftolecules 
leads to a blue shift and the fluorescence spectrum resembles with 
that of the parent molecule. A further decrease of pH results in 
the quenching of 320 nm bond, with simultaneous appea^rance of a 
new broad, structurless and red shifted band at 425 nm- The 
quenching of the former band is complete at a pH 0,0 and the forma- 
tion of the latter band is complete at H^-0.5. A; f^ 

in the hydrogen ion concentration results in the decrease of fluores- 
cence intensity of 425 nm band and is completely quenched at H^-3. 


At H -2, a new fluorescence band is observed at 365 nm. Since in 

■' o 

the INH molecule there are only two probable sites of protonation, 
the band at 425 nm coul'^ be due to a monocation protonated at the 
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pyridinic nitrogen atom and the band at 365 nm could be due to 


the formation of a dication. On the other hand when pH is increa- 
sed from 11 onwaird/ the fluorescence intensity of 370 nm band 
rts 


stands decreasing and is completely guenched at pH 14/ without the 
appearance of any other fluorescence band. The quenching seems to 
be due to the formation of monoanipn. No fluorescence band is 
observed at 298K On further increase of pH/ even upto H 16. 


Fluorescence spectra of all the ionic species formed in the excited 
state are shown in Pig. 4.9. All the excited state equilibria are 
discussed below. 


( a) Excited state equilibrium between the monocation (II) and 
neutral ( III) form ■ 

In the earlier paragraph/ 320 nm band had been assigned to 
the amino protonated species. To suppl;i4nent thiS/ the indasole- 
ammonium chloride was prepared and its absorption and fluorescence 
spectral properties were studied. The results were quite interes- 
ting and are discussed latJ^er/ but they support the assignment of 
species II. 'T’he relative fluorescence intensity of both the forms 
versus pH are plotted in Fig. 4.11. It shows the point of inter- 
section at pH 3.9, which is close to the grotrid state value, 
behaviour of INH„ is very different from other aimmst^ 
amines^-"’^^' 106-112 (^^ere the ammonium ion is stronger acid In 
and from S-aminoindazole^^ (whafe the first ptOtonation takes place 
at the pyridinic nitrogen atom in S^) . ^his Only tell^ that the 
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radiative lifetime of the species INH 3 + is oonparable to the 
inverse of the dissociation rate constant of the given acid. 


i n dazole ammoniim ion (II) and 
6 -'aininoindazole cation (v) ; 

In the pH range 3.9 to 0.12, only the species (II) is present 
at 298K in aqueous media in S^, But as said earlier, there are 
two species present in S^, one emitting at 320 nm and another at 
425 nm, 320 nm band has already been discussed. The new band has 
been assigned to a monocation protonated at the pyrldinic nitrogen 
atom (H INH 2 / V) • The identity of this species is further conf ir- 
med by taking absorption and fluorescence spectra of INH 2 in 
n-heptane and O.OlM trifluoroacetic acid. In this media only the 
species V is present in both and states, as shown in Figs. 

4.8 and 4.9, Further the fluorescence spectitm of INH 2 in this pH 
range and at 77K, shows only one band at 320 nm, corresponding to 
species II. Thus confirming the earlier results from the absorp- 
tion spectrum that species II is the only ion in and rearrange- 
ment of atoms is not possible in frozen state at low tenperature. 
These results indicate that INH^ dissociates in fluid aqueous 
state and the proton is taken up by the pyridinic nitrogen atom,, 
forming H'*’ INHg (V) , Thus an equilibrium is established between thC 
species II and V* This process could be assigned to a phototauto-- > 
merism and since the two groups, protxinated aninp group and pro tp- 
nated pyridinic nitrogen atom, are widely separated, the plKSto- 
..'■tautomerism could-,.. be' bipio tonic Thevsblveht-^ dependence.- pf;, .the-: .■ 
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monocations could not be studied because both species II & V are 
present even in state and their absorption spectra overlap each 
other. Hence it becomes difficult to conclude whether increase 
or decrease in the fluorescence intensity is due to the ground 
state absorbance or excited state dissociation. But it clearly 
reveals that it is due to the increase in the acidity of the amino 
group and gain in the basicity of the pyridinic nitrog^i atom. 

This process is similar to that observed in 5-amlnoindazole^^ with 
the difference that the reciprocal of rate constant of deprotona- 
tion of 5-indazoleammonium ion is much smaller than its radiative ; 
life- time . So the f lucres cence from S-aminbindazole ( neutral) snd 
its cation protonated at the pyridinic nitrogen atom is observed- 

The relative fluorescence intensity of both the species 
versus pH is plotted in Fig. 4.11. The point of intersection 
at pH 1,4 gives the pK^ value of this equilibrium. 

( c) Equilibrium between the Mbnocatioh(v) and thes dication(I) 

The H'^INH- cation has the fluorescence maximum at 425 hm 
whereas that of the dicatlon is at 365 nm. The blue shift in the 
fluorescence maximum upon protonatibn indicates that it has taicen 
place again at the amino group. The: fluoriraefric titrati^^ 
is in the Fig. 4.11, A lack of correspondence siniilar to aromatic 
amines^^^ ,106-112 ^an be seen in the titration; curve* This is due : , 

to proton induced quenching of the nbnocat ion as has been discussed 
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in carliGr coinpounds. The accurate velues of the and the 
quenching rate constant of H'*"INH 2 species can only be calculated 
from the time dependence fluorimetry but the value of pK* obtained 
from the rise in the formation of dication curve (— 4 . 8 ) will not 
be too much off from the actual value. The value of pK* obtained 
reiterates our earlier conclusion that this time the protonation 

has taken place at the amino group as the pk* of this kind of 

■ a ' 

equilibrium generally falls in this range. Further the 
pK obtained for the direct protonation of amino group of the 
neutral molecule (-5,4^ calculated by Forster cycle and the 
fluorescence data of INH 2 and does not differ too much from 

the protonation of H'^INH 2 species. Though this agreement could 
be accidental r it tells that the first protonation at the pyridinic 
nitrogen atom does not affect second protonation at the amino group 
too much, \ 

( d) Eou illbri-um between t he Neutral III and Anicm;yi 

The effect of increase of pH from 10 onward on the fluores- 
cence intensity of INH 2 exactly resembles that of 5-aminoindazpie 
i .e. at pH 10, the iminoanion Vl is formed (non fltofescent):; i^ 
state and not the 64 amino ind.SKdle ^ion lV’^ formed in 
ground state* This is further conf iptied from the fluorescenoe 
spectrum of the ahio|!^at 77 K/ shov^ in F^^^^ 4,1?, indicating that 

at such a low temperature Only the grotind state species will be 
present because of the restriction on the rearrangement of atoms , 



1 1 ( Arbitrary units) 
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in the frozen state and moreover the fluorescence spectrum is 
generally observed from the species obtained by the deprotonat|Lon 
of the pyrrolic nitiTogen atom,^^^' The middle point of 
this quenching curve occurs at 12.4/ which is the pK value fojf 
the neutral—monoahion equilibrium/ showing that the aromatic 
amines are stronger acids in than Further increase in pH 

does not give rise to any fluorescence indicating that either 
dianion is not formed at all or it does not emit if formed. 

Spectral studies of Indazoleammonium chloride (il) in different 
solvents 

The absorption spectrum of INH^Cl” has been studied in 

different solvents. The and are listed in Table 

max max 

4.7 and the spectra ere in Fig, 4.13. The absolution spectrum of 
INHjCl” in water exactly resembles the spectrum of indazOle 
molecule in pH .-..range 4 to 0.12. ^ methanol and 

acetonitrile/ besides the above structured band/ a new red shifted 
(compared to those of INH^Cl" and INH 2 ) and broad band appears at 
315 nm, whereas in ether and dioxane/ the spectjnxn res^nbles the 
INHg system. The intensity of 315 nm band increases as the ; 
hydrogen bond donating tendency of the solvent decreases i.e* it 
is zero in water and increases from methanol to acetonitrile. To 
confirm the identity of 315 itn b9nd» the absorption spectrum qf , 
INH- in methanol and acetonitrile was recorded by adding 1% of 

. A . ' 

IN ' aqueous ■■ sulphuri c ; ■ acid.;': ■ Exactly .■ s imil ar , ■ , 
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Table 4,7, 


Absorption maxima (log fluorescence maxima 

(nm) of H INH2 cation in different solvents at 298K 



Ether 

(satd, ) ■ • 

250 

265 

275 

300 


350 

350 

Acetonitrile 

(satd.) 

240 

259 

287 

295 

315 

425 

325 

maj or 4 2 5ma j or 
325 

Methanol 


260 287 296 315 250 

(3,71) (3,85) (3.82) (3,26) (3.74) 

410 

325 

410major 
major 325 


260 287 294 370 370 

(3,52) (3,69) (3,68) 3 2 0 3 20 


Water 
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band systems) was observed as noticed in case of in 

methanol and acetonitrile. The absorption spectmm L IKH 3 in 

n-heptane, l.OxlO'^M in triflucroacetic acid (IPA) gave only the 
315 nm band (Table 4 , 8 ). 

The fluorescence spectrum of INH+ci" in different solvents, 
of INHj n-heptane 1.0x10'^ in TPA and of mHj in methanol and 
acetonitrile in l% IN aqueous sulphuric acid have been studied at 
298K and by exciting at 315 nm and at 290 nm. The results are 
listed in Tables 4.7 and 4.8. It is clear from the data of Table 
4.7 that INHjCl is not stable in aqueous medium and in S, state 
at 298K, dissociates partially to neutral form, thereby getting 
the emission spectrum of both the neutral and INh| species. In 
the fluorescence spectrum of INH^*^!” at 77K in aqueous meditim, 
only one band at 320 nm is noticed. This confirms that in frozen 
state, the reorientation of the atoms are very slow and the 
emission is only observed from the excited species preseht in their 
ground state environments. Fluorescence spectrum of INH^Cl” in 
methanol and acetonitrile at 298K as well as 77 k gave again two 
bands, one corresponds to INH^ ion, the other to a new red shifted 
and broad band at 425 nm, depending on the solvents. The intensi- 
ties of the respective bands depend upon the nature of the solvents 
and the wavelength of excitation, e.gi in aGetonitrlle, the inten- 
sity of 425 nm band is always more than that of 320 nm band . 
irrespective of the wavelength of excitation whereas in methanol ,, 
the f luorescence interiaity of 325 nm band is the major peajc when 
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excited at 315 nm. This again c^nfinns the results obtained from 
the absorption spectra that species with long wavelength maxima 
is more predominent in the solvents of weakly hydrogen bond donat- 
ing ones. The existence of the species with long wavelength band is 
further confirmed from the fluorescence spectrum of INH 2 in heptane 
in O.OIM TPA where there is only one fluorescence band at 415 nm. V 

The above results indicate that the long wavelength band, 
both in absorption and fluorescence is due to the monocation of 
INH^, protonated at the pyridinic nitrogen atom of the 

ring. 

The behaviour of INH|c 1“ in ether and dioxane is ^ite 
different from that in other solvents. The absorption as well as 
fluorescence spectra only shows the presence of neutral molecule 
i.e. INH^ is veai^ unstable both in and states ^ To see 
whether H INH 2 also behaves in a similar manner, cbsorptiph and 
fluorescence spectra of INH 2 in heptane 0.0 im in TFA were recorded 
in different proportion of ether added Cv/v upto 30%) . The inten- 
sities of absorption and fluorescence bands of H^iNH 2 decreased / 
drastically with the increase in the respectiv'e neutral bands* 

Prom the above results it is gnite clear that ether and di^ 
act as hydJTOgen acceptor solvents and abstract proton from; V 

monocation, wheire as in case of dthet or dioxane may be 

abstracting a proton from the ironoCation or: pres^^ce of these, 
solvents may not allow at all, the forniation of H’*‘lSKi 2 



149 


these solvents may be completely mopping up TPA and thereby acting 
as a stronger base than, INH . 

The above study has indicated that is more stable in 
highly polar and hydrogen bond donating solvents vdiereas 
is more stable in nonpolar and nonhydrogen— bond forming solvents# 
and both are unstable in strong hydrogen bond accepting solvents 
like ether or dioxane. This can be explained as follows! in case 
of ammonium salt# the charge is localised on the amino nitrogen 
atom and is further stabilised due to solvation by the highly polar 
and hydrogen bonding solvents i^e. H 2 O. As the solvent polarity 
or hydrogen bond format ■'“on tendency decreases/ the ammonitmi salt is 
not so stable and forms another monocation/ protonated at the 
pyridinic nitrogen atom. The latter one, even in non-polar and 
non-hydrogen bonding solvents like n-heptane, is stabilised due 
to the following resonance phoncxnehon. Although the solvation can 
take place in V, it seems that resonance is predominant in this 
case. In contrast, this type of resonance behaviour is absent in 
5-aminoindazole, thereby rendering it unstable in . 
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The above study, in cx)nparison to S-aminoindazole., has 
revealed the following features; i) the lifetime of INH 3 is 
comparable to the reciprocal of the rate constant of deprotonation, ' 
(ii) monocation (INH^, Ii) is stable in water and monocation 
V) is stable in n-heptane. The st^ility in other .. 
solvents depends on the hydrogen bond donating capacity of the 
solvents* 

4 •8-4 2~Phenvlbenz Imidazole (PB I) 

The absorption and fluorescence spectra of PBI in different 
forms are given in Pig. 4,l4 and their band raaxima, extinction 
coefficients and quantum yields in Table 4.9. The following 
equilibria have been studied. 

PBI + (4.29) 

PBI ^ PBI~ t (4.30) 



The only possible site of protonation in this case is the pyridine 
center and as such a red shift in the absorption and fluorescence 
spectra on protonation is expected, because it is est^llsihed that 
n ji* is the lowest ener^ tr^sito contrary to th^ 

expectations a small blue shift in the long wavelength ^sorptip^^^ 
band, on p rotonation belOw pH 5. 2 is gbsefyed. This . could be due 
to the partial rotation of the phenyl ring due to steric inter- 
action of the additional proton at the pyridine or it may be due 
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(s»iun AjDj4jqjD) »ou»3sajonid 



igii4,4L4 sorption and fluorescence spectra of various 

PBI at 2981C. 
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Table 4.9. Absorption maxima (log e ) and fluorescence maxima 
(K>^; of different prototropic forms of PBI at 298K 


Forms 

max 
( log 

(abs) 

s 

max 

5^„^^(flu) 

max 


Cation 

240 

295 

358 

0*14 


(4.22) 

(4.35); 



Neutral 

238 

299 

350.' 

0.13 


(4.15) 

(4.36) 



Anion 

245 

310 

380 

0.12 


(4.20) 

(4.38) 




Table 4.10. Ground and excited state equilibria of PBI at 298K. 


Equilibrium 



er cycle raethodj pK*(PT) 
pK* pK* touffer buffer 

(flu) (avl o-® 


^isos- 

bestic 


Cation 


■A Neutral 5.23 3.53 6.57 5.05 


Neutral "" ' . ■ Anion.- 11.91 9.58 7.61; 8*59 12.05 11.6 


295 
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to normal blue shift in benzimidazole cation, a small red shift 
is observed in fluorescence of PBI'^ as oonpared to PBI. The 
quantum yields of PBI in different solvents, PBl'^ and PBl” are 
nearly the same, indicating and as observed in fluorescence maxima 
that the given species do not have any specific interaction with 
any solvent. 

The excited state pK^s for the two equilibria were calcula- 
ted using Forster cycle method and the values are given in Table 
4.10, The fluorimetric titration for the equilibriumd) could not 
be carried out because of too much overlap of the fluorescence 
spectra of cation and neutral PBI, Fluorimetric titration for the 
equilibrium (2) gave the ground state clearly indicating that 

either the pK^(2) is id^tical to pK_(2) of the equilibritjm(2) is 
not attained during the lifetime of the excited state species, due 
to their short lifetime. As has been discussed earlier, the latter 
seems to be true. To confirm this, fluorimetric titrations were 
carried out in presence of large concentration (0.5M) of phosphate 
buffers and no appreciable change in pK:*( 2) was noticed. Forster ; 
cycle method has shown that the pbI is more acidic in state 

than in S^, as normally is the case for heterocyclic; mol 
when Tt — — )> Ti * is f he lowest energv transition,; .The diffei^nQe: 
of 1,97 units in pK* between the absorption and fluorescehce data 
could be due to solvent rel^S't^®^ and/or using the band maxime 
■ of: 'the-' species rather;than,0—0 transition,-. 
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The absorption data tells that PBI'*’ is more acidic in 

whereas the fluorescence data shows the opposite 
behaviour. In general^ as noticed, the pyridinic nitrogen atom 
becomes less acidig in if xi > n* is the lowest energy 
transiton. Thus the pK^(l) calculated using ^sorption data 
cannot be true in this case. Therefore, in absence of fluori- 
metric titration, the pK*(i) determined bv fluorescence data 
could be taken as the accurate value. The small change in pK*(I) 

■ ■'O'.-' 

if 

and pK (II) could be due to the presence of planar phenyl ring 


i.e. the electron density may be delocalized over the ccm^>lete 
molecule, including phenyl ring, instead of only concentrating at 
the pyridinic .nitrogen atom in the groxind and the excited state. 



.The absorption and fluorescence spectra of BIOH have been 
investigated as a function of hydrogen ipn pohcentration in the 
range to H 16. The absorption and fluorescnece spectra 

of various species have been shown in Pig, 4,15 and, 4.16 and 
the other data in Tablo 4.11. Besides BIOH (the^ n species), 

three ne>/ .species- ''are- ebseryed- -in- . absorption whereas . only ■■■,; ■■ ■ 

species in fluorescent at 298k, On decrease of pH from 7, ; a 

blue shifted; sttiictnired absorption feand s Spears st 

H -2.24, which could W to 

■' O' ■ ; ■ 

further increase of hydrogen ion concentration, the structured 

batod. '$ystem:,:shifte:;;tO':.higl^r-':wpei^gth ;with:^^^ 




Oication 

MoncKatfon 

Neutral 

Anion 
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Wavelength (nm)“- — ► 

Fig. 4 .15 Absoicption si>ect:ra of various prototropic f ormr of 
BIOH at 298K. ^ ^ ^ ^ ^ 



r56 



Fig.4»l6 Pl\40r«scence spectra of various prototropic forms 
of BlOH at 298K. 


Table 4.11. •^“'S’tion maxlM (log ana fluorascence maxima 

0^) Of different protptropic forms of BIOH at 298K 


Forms 


max = max 


04 


Dication 

235 

(3,93) 

266 

271 

.(4,02) 

279 

(4.02) 

293.5 

Monocation 

220 

(4,13) 

261 

267 

(4.00) 

273 ' 

(4„00) 


Neutral 

222 

(4*02) 



275 

(4.01) 

305 0.44 

Anion 

237 

(4.07) 



285 , 

(4.07) 



Table 4*12w Ground and excited state equilibria of BIOH at 298K 


Equilibrium 


Dication Monocation -7.5 

Monocatio n*?— ^ Neutral' 

Neutral Anion 11.8 



^ Isosbestic^^ 




272 

-2.24:;,.-3W85’'^''- 

^ ;''V-:.-Oi02>''.;'' 


11.85 9 >.17 

.',ii*-d;, ■■ ■■ 

217 
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band shapes. This occurs at a very high acid concentration 
(about 80% H^SO^) and could be due to dicatlon. A broad structure, 
less and red shifted band system appears at higher pH (pK^=l2.8) . 
It may be due to mono anion, pnly the dication species emits with 
a broad band maxima at 293 nm which is blue shifted as conpared 
to neutral one. The ground state pK^ values for various equili- 
bria were calculated spectrophotometrically and are listed in 
Table 4.12. pK^(2) value is much lower than the corresponding 

pKa value for benzimidazole but the values of pK (2) and pK (3) 
3gr©© with llt6rature values The values of pK**s for the 
above equilibria have been calculated with the help of fluorlme- 
tric titrations (Pig, 4.17) and Forster cycle method. The values 
are'listed in'Table ' 4,12, 

As established during the solvaat effect studies> the 
neutral BIOH molecule mainly exists as species II, iwe. in Heto 
form, pH studies also confirm this because the normal benziini— 
dazole molecule is quite basic (pK^ = 5,53) and becomes more 
basic if electron donating groups are present in the molecule. 
Further# a red shift should occur i^ ir— 7i is the lowest 
energy transition and protonation is taking place at pyridinic. 
nitrogen atom, bn the other hand# ouir restilts show that the 
absorption spectrum is blue shifted and the pK^ value is found 
to be -2,24, resembling more with the behaviour of carbonyl 
conpounds rather than with benzimidazole. Forster cycle method 
can only be used for absorption data as the monocation is 
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nonfluorescent and the results indicate that the carbonyl group 

is less basic in state vrtiereas fluorimetric titration gives 
★ 

the value as -0,02* indicating that carbonyl group is more 

basic in agreeing with the normal behavior of the carbonyl 
136 

group. On the other hand if the protonation had occurred 
at the lone pair of the ^N-H group (agreeing with the behaviour 
of absorption spectra) * then behaviour Of the fluorimetric titra- 
tion would have been similar to the amnoniiim ion^^^ i^e, proton 
induced cjuenching of neutral molecule followed by the appearance 
of ammonium ion indicating that it is more acidic in state. 

To the other extreme* if it is assumed that the fluorimetric 
titration is following this behaviour* then there should be no 
change in the absorption spectirum on further increase of the 
hydrogen ion concentration. In general the fluorimetric titrati^ 
ons gives a better picture of eguillbrium in the singlet excited 
state if it is established. Hence as mentioned in the scheme 
(Pig. 4,18)* the first prOtonation takes place at the carbonyl 
group. \ 

The second addition of H'*' to BIOH molecule at very high 
acid concentration could be due to the protonation of oxygen 
atom of the hydroxyl gtotp* a^ rearrangem^t of the 
and' the e<paillbri\mt.'iS::''ptesented^--3h';8ch^e' I,:''-;The red/ shift, ;.- ■, 
observed in atosoJ^tion spectrum on protonation cpuld be ^e to 

the restoration Of arxMnatic character (benzlnjidazole mole 

whibh plays the major role. The long wavelength 

as well as sven the Shorter y^lengt^ 
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that of the parent benzimidazole molecnile. The pK value# 
calculated to be —7,5# is also obtained by fluorimetric titra— 
bion. The Forster cycle method could not be used because: 
i) monocation is non -fluorescent and ii) the configuration of 
the molecule is changed on second protonation. From the above 
result it is clear that the dication species either has the 
same acidity constant in the lowest excited singlet state as in 
the ground state# or that the eguilibrium has not been establi- 
shed within the lifetime of the lowest excited singlet state. 

The d^rotonation of BIGH at higher pH se^s to be taking 
place from the ^ N-H group followed by rearrangement, represen- 
ted in the scheme (Pig, 4,18) , This is inferred as follows: 

i) The absorption spectrum of the anion resatbles . that of the 
parent molecule (though broad) i.ew bands at 285 nm and 237 nm, 

ii) The deprOtonation constant of pyrrolic gror^j in imidazole 
is 14*52, It is lowered by the presence of election with- 
drawing groups and is increased by the pres^ce of electron 
releasing groups. The pK^ value of il,85 is quite consistent 
with the above reasonihg, . / The argirnent against the deprotonation 
from hydroxy grot^ is that similar species- are g^erally fluores- 
cent# with extended sigmoid Xind of fluorimetric ^^^t^ 

137- 

giving both the ground and excited state pK^'s, Moreover the 

hydroxy group is a stronger acid ip Sj state. In the present 

case; the anion is nonfluorescent and t^ 

f iuoires'cent^'-^endh^ -is:- observed; --at. 4 lit#;- ^close; to ■ 
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state value* This is a typical behaviour of the deprotonation 
from the pyrrol ic nitrogen atom and has been observed in many 
other similar compounds.^^^^^1'1^3,134 method 

only be applied to the absorption data and as es^jected# 
have indicated that pyrrolic group becomes stronger acid in 
state- 

The prototropic behaviour of i-methyl— 2— benzimidazolinone 
was similar to BIOH i,e» (!) As expected the d^a:otonation cons- 
tant was greater than H_15 as methyl is an electron donating 
group increasing the basicity of other nitrogen center* 

( ii) monocation is honfluorescent and (iii) dication-monocation 
equilibrium shifts to lower value. This is again because of the 
presence of electron donating methyl group malcing the oxygen 
more basics ■ 

4.8.6 2 -Aminobenziinidazole(BINH 2 ) 

The absorption and fluorescence spectra of BINH 2 have been 
studied in the range of H^pH/H^ from -lO to 16. The absorption 
and fluorescence spectra of different prototrppig foru^ 
given in Fig* 4 . 19 ^d 4 . 20 r-especfiyely maxtoa aare, 

listed in Table 4.13, The long wavelength ^sorption maxima of 
monocation is structured and slightly red shifted as confjar 

the neutral molecules whereas the short wavelength 

neutral molecule; disaE^ears and may be large blue shifty ; : ^ ; 

':'(''<'220- -nm>:.. The'; isso^ip f W^^spe^^ 



Absorbdnee 


IE< 



rlo.4. 19 4t>ectta of various ptowrtoplo for™, of 

at. 298K.,„, . 




Monocation 


CP i65 
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the short end. long wavelength band systems but further red. 
shifted as compared to both neutral and monocation species ^ At 
high pH, the absorption spectrum is red shifted, could be due to 
formation of mono anion. The fluorescence spectrum is blue shifted 
followed by a red shift on increase of acid strength but the 

’ 'f 

monoanion is nonfluoxescent at 298K. The absorption and fluores-> 
cence spectra of the hydrochloride of BINH^ have been studied in 
different solvents and the results are listed in Table 4.15. 


The data of Table 4.15 indicate that the absorption and fluores- . 
cence spectra is hardly affected by the polarity or hydrogen 
bond forming tendency of solvents. The and 

resemble with the data of monocation formed by varying the pH 


of the neutral molecule. Similar to the behaviour of 6-amino- 
indazolo ( P . 13 1 ) and 2- ( o-aminophenyl 5 benzimidazole (P . 176 ) # 
C1"’H’*’B INH* dissociates in ether and dioxane to give the spectra 
Of neutral molecule at 298K. In methanol it is partially dissoci^ 


ated giving both the features of neutral and rwnocation species 
in absorption but of neutral molecule in fluorescence. To conf im 
whether this dissociation is associated with excitation, the 
fluorescence spectrum of s^t hi methanol was taken at 77K. 

Besides .the fluorescence;;;bahds.^e.C^ 

bands due to nK3nocati<^ alsa ^ ^ ^ 


thus confoming to the atoov® results of 

a imllar stu,^ in acetonitrile and water are soite different. .. 
instead of flnorescence band at 

315-320 nm was: Observed at:77K.^^ :1^^ 
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Table 4.15. Absorption maxima and fluorescence maxima of 
hydrochloride, of BINH. at 298K. 



Ether 245 - 281 308 

Methanol 245 275 280 310 

Acetonitrile - 273 279 298 

Water - 272 278 297 
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axso present when HGl was tised as protonating 
agent but was Sbsent In ease of H^so^ as source of hydrogen Ion. 
The new band could not be due to the fluorescence of neutral 
molecule because lu water at 77K gave a structured fluores- 

cence band at 307 nm and 300 nm. It may be due to some sort of 
interaction of Cl ions with the monocation present in the close 
distance in frozen media but no conclusive explanation is 
available.-. 

In BINH 2 there are two sites of protonation and two sites 
of deproton at ion. As has been said earlier/ if ti— > it* is the 
lowest energy transition then (i) the pyridinic nitrogen atom 
becomes more basic^^® (ii) the aryl amines becomes less basic^®^ 
and (iii) pyrrolic as well as amino groigj hydrogen atoms become 
more acidic in state in comparison to S^. The effects of 
above behaviour are that, red shift/ blue shift and red shift 
are observed in the absorption and fluorescence spectra in (i), 
(ii) and (iii) respectively. The results observed on firet 
protonation are quite different from the general behaviour. If 
the protonation had occurred at the pyridinic nitrQgeai atom, the , 
fluorescence and absorption spectra;;'^ been red: shif^ 

and it vwuld .h^e: been’ ;blue^ehifted;in-; case of proton 
the amino group* But the absorption spectrum is red shifted and 
the fluorescence spectrum is blue shif tad following no definite 
criteria. A similar behaviour is observed in case of 2- and 4- 
aptndquinoiihes/ where it was shown that the f irst i protonatlon 
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at the pyridinic nitrogen atom is followed by a change in the 
hybridisation at the amino nitrogen atom, thus forming a cyclic 
amidine structure, it is also proposed that BINH 2 undergoes a 
similar structural change on first protonation and exists as 
species II (Fig. 4.22). The arguments in favour of this species 
are (i.) the absorptd.on and fluorescence spectra of the hydro- 
chloride of is relatively insensitive to the polarity of 

the solvents as compared to other aryl aonmonium salts,^^ thereby 
indicating that C 1 ’H+BINH 2 is less polar in as coitpared to 
states, (ii) the ground state pK^(II) value observed spectre— 
photometrically is higher as compared to other amino derivative 
of benzimidazole substituted at 5-position,^-'^^® but the results 

' 59 • 

ar« similar to 2- and 4-aminoquinolines. (iii) The infrared 
spectra of hydrodiloride of BINH 2 is similar to 2-benzimidazoIO'ne 
but different from other arylamines in that absorption near 
•^3450 cm*^ in the normal amines and their hydrochlorides have 


been assigned to the antisymmetric exocyclic N-H stretching 
frequencies, but the infrared spectrum of C 1 “h‘‘'b 1 NH 2 is red 
shifted to some 3260 cm"^, a phenomenon which has been inter- 


p retted as characteristic of dmlhe forroatioh^^' ( iv) ^he 

absorption spectrum of species (II);^^i^ similar to that pf 2( 3H)'^ 
benz imidazolone i . e. the blue shift bbserved in the siKsit wavei 
length bond (which is localised On the, imidazole ring ) of 


absorption spectrum of eiNH2 on protonation; is due 
of aromatic character in the imidazole ring and long w^elength 
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transition which is localised on the benzene ring is slightly 
red shifted because of the presence of two amino nitrogen atoms, 
ortho to each other. The value observed agrees nicely with the 
value predicted from the relations given by Stevenson.^® 

Fbrster cycle method cannot be used to calculate pK*( 2) 

because of the change in the structural behaviour as well as the 
nature of the transition in the conjugate acid-base pair. 
Pluorlmetric titrations, shown in Fig. 4.21, were carried out 
but only gave ground state pK^(2) value, indicating that either 
there is no change in the dissociation constant of mOnocation- 
neutral equilibrium or it Is too slow to be established during 
the lifetimes of the species involved* 

Dication species is formed with a further increase of 
hydrogen ion concentration. The ^sorption spectrum (presence 
of doublet in the long wavelen^h bond and the ^pearance of 
short wavelength band) clearly shows that the dication Is f033iied 
'by the protonation of pyridlnic and amino nitrogen atoms and the 
Structure of the parent molecule i*e. beizimidazole, is preserved.. 
Tt is d^icte^' by the' species-- 'I,Il■,^.'in;■the^..scheme■,:(Fig. ■.■4'•22)■ .• . 

■ Similar to-' the .'monocatipn'“neutral--::'..e^il .t^'e--^Forster - -cycle 

method cannot be usM to etiolate pK-(l> as 

base pair have different structures and transitions. Fluorimetr 

,ric titrations '-'(Pig; ' 4.^-2l)';^-o'f;the;'^Gatlon^^ 

have shown that the value pf in is neai-ly equal or 

isUflhtly : hegatim 
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This behaviour of ptotonatlOu at the amino gro«> is quite 

different from the arylatntnonium ^ arylanlne equilibrium. It 

is generally observed that aryl ammonium ions are more acidic 

and arylamines are less baslcl°5 to their first excited singlet 

state as coirpared to that in the ground state and no exception 

has been observed so far, share as the ketones^^® and carboxylic 
105»141 , 

adds become more basic in the lowest excited singlet state* 

If it is assumed that the monocations derived from BINH 2 are 
isosteric with the monocations derived from the ketones or 
carboxylic acids, it is possible that monocation of BINH_ becomes 

Ck 

more basic in the excited state. Now, the gain in the basicity 
of monocation of BINHg upon excitation could be greater than, 
equal to or less than the gain in acidity of the dot±>ly protonar- 
ted cation upon excitation. These results have shown that the 
two gains are nearly equal or the former is slightly more than 
the latter. A similar trend is observed in 2- and 4-amino- 
quinolinei^^and also in BIOH, where the former effect clearly 
ovorweighs the latter. 

At high the absorption studies have sho^ that the 

monoanion is fgr®®d which ddes not emit at 
spectrum of ' mohoanioh ;haS;:'\shgwn^^'bhat\^th■is:^.;Spe^ 

similar to the parent benzimidazole formation of , 

monoanion could be ate to the depr^ hydrog^ 

atom or f rom amino group. In generaU^ <^ 
amino giwup is not obserred m^ 
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and at the same time, aiyladne anions are non fluoreecent 
with the nxcepuon Of p-h^hthylamlne._l« It Spears from our 
results that the monoanions are formed from the d^rotonatlon 
of pyrrollo group In 3^^, but In Sj these are formed from the 
deprotonatlon of amino gro,,, because, the mono anions formed In 
th@ former case are generally fluorescent^^^' 
formed In lals'ber cases are non—fluorescent. This is further 
confirmed from the fluorescence spectrum of 2—aniinohenzlmidaz61e 
anion at pH/H^ > 12 and at 77K/ shown in Fig. 4.20. At this low 
temperature only the excited state species in their ground state 
envin^nments can exist i.e. . a-aninobenzimidazoie anion can exist 
as confirmed by its fluorescence, similar behaviour has also 
been observed in case of 5-aminoindazole. It show® clearly 
that amino croup becomes more acidic in state than in and 
relative increase in acidity of amino group is much more than 
that of pyrrolic group upon excitation. 

Further the nearly similar values of pK^O) in the ground 
and lowest electronically excited state from fluorlroetric titrar- 

t ions can also be due to the JX^n-estsblistoeHt ^ 
during the lifsttimes of rthe conjugate 

can be only ■ posslhi®''; ^ ^nation . ;had: oco^rr^ ,£.e^ ■■ 

pyrrolic nitrogen atom. ^ the easier e3?>l^ation see^ be 
more''- logical.' , 

mio <»tts>l.t. wijUlbria is sho^; In ^ sohame 

and; valuo. ,of :-;pK,‘ a • l»:;Sb' ;ir.d.;Si;a« . shoan :d»r.. 1 ^,, 
in 'Table ' 4,.l4.: 
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2-(°-*minophenYl)benzdjid dazole(oBim 1 

The absorption spectinm of obnh^ is studied in the 
HypVH_ range of -9 to 16 . Besides neutral (structure II in 
aqueous medlun,). three sore new species are observed. Neutral 
form exists between the pH range 4 to 13. on decrease of pH / 
from 4, all the bands are red shifted, the sore prominent being 
the longest wavelength band and continues till pH 0 . 4 . Further 
decrease of pH completely changes the structure of the band 
system* Two# instead of three# bands appear and resemble that 
of benzimidazole pattern having substituent attached at 2 posi«-> 
tion (more particularly close to that of 2 ^phenylbenzimidazdle 
cation# (P* 150) # being blue shifted as conpared to the species 
III* On increase of pH from 13# red shift is observed in the 
respective bands# keeping the three band syst^ intact. The 
band maxima are listed in Table 4.16 and spectra are shown in 
Pig. 4.23. 

The monocation formed in the pH range 0.4 to 4 can only 
be due to the protonation at the pyridinic nitrogen atom 
(species III) because the red shift of ^ t^^ is 

normally associated td.tb pyfidinic^ p Mpireoveir it 

has been already established in solven€ stn:idies that^ ^ 
media this site (the pyridinic nitrogen) is not^ t^^ 
intramolecular hydrogen bond fontiationj- tdius making it avali able 
for pxotonation. The formation of dication cai be visualis^ 

SIS th8 bsJTici in ^sorption systooR is in'to 





Table 4 •16* Absoipt ion maxima (log e__„) and fluorescence maxima 

Of different prototrc^oc forms of oBNH^ at 298K 


Forms 



__„(abs) 

max 



[ *** 

Dication 


236 

284 

(4.43) 


391;' 

0.430 

Monocation 


245 

(4.27) 

285 

(4.32) 

335 

(3.94) 

454 

0.102 

Neutral 

218. 

(4.70) 

240 

(4.33) 

286 

(4.27) 

320 

(4.18) 

417 

0.129 

Anion 


247 

(4.28) 

297 

(4.28) 

324 

(4.32) 

505 

0.375 


Table 4,17. Orouna and excited state equilibria of oBNHj at 29ac 


Equilibria 




Dication Monocation 0.4 

Monocationj-*,; Neutral v: 
Neutral Anion ■ ■■^''■'' ^''■ 1 . 2 *9'. 


Fi^slysir cycle 
method 
pK* pK* pK* 

' ^ (fl§) (avi). 


12. i - “ 


^ IsOsbes tic^ 


310 

^ 345 '-^' 
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twc^ band system resenibling more to PBl+ spectr^^^ 

P. 151 ) , This is because; on second protonation, both the lone 
pairs at both the nitrogen atoms are blocked by the protons and 
thus the rings 3 or 4 formed due to intramolecular hydrogen 
bonding are absent* Moreover, the behaviour of the anilinlum 
ion will be similar to that of phenyl group, ther^y reverting 
back to the absorption spectrum similar to benzimidazole deriva- 
tives* The monoanion is formed due to deprotonation of the 
pyrrolic nitrogen atom because the deprotonation of the amino 
group is difficult to observe in state at such a low pH. 

Fluorescence studies, carried out in the range 

of ••9 to 16, also confirm the formation of the differ^t cations 
or anions at varioxis pHs and the spectra are shown in Figure 4.24. 
Thus the absence of proton induct quenching of oBNHg at moderate 
hydrogen ion concentrations preceeding pfotonation and the red 
shift observed in the fluorescence spectra sugg^ts the first 
protonation to be at the pyridine nitrogen center. The blue 
shift in dication fluoresc^ce is informing to the e^lier 
conclusion because the sbate from y^ich it is fluorescing is 
entirely different because of the destructipn df condensed fdnr- 
ring- structure'* ^ Fluorescence^-obsezyed' >from'',;the.'mQnoan.ipn',el^bO'.' ^ 
confirms the deprotonation of the pyrrolic nitrogen atom, because^ 
in aenerai th.: lailno (btbh* of 

^ ■■ f.19 

formed do not fluoreac. wi«i the ate^tipn: of 




Pig. 4, 24 i’’ 1 « K) res cenc<9 spectra of various prototroplc forTiss^^^^o 
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Ttie ground snd ©xcited s’b^'te pK^*s for vanious @gui.libxla 

are given in T^le 4.17, The value of pK*(i) could not be 

. sl . 

calculated by using Porster cycle because the band systems 
observed in both the species are different. The difference 
between pK^( 2) / calculated by using absorption and fluorescence 
data is not large (i.e, 1.6 pK tinits) and could be due to 

■ cL- . • , 

different solvent relaxation in the two electronic states of the 
disEferent species or due to using the band maxima instead of 0—0 
transition of the neutral and monocation species. The value of 
pKg^(3)# Xising Porster cycle method could be calcirlated only rising 
absorption data, indicating that pyrrolic proton is slightly 
more acidic in state than in as expected. The fluores- 
cence data could not be used because after d^ 3 cotonation of 
pyrrolic hydrogen atom, the structure of the anion formed 
resembles more to structure I, rather than to the structure II 
of the neutral molecule (II), 


The fluorlmetric titrations were carried out for different 
equilibria and the fluorescoice intensities of various species 


as a function of H^/pH/H^ are plotted in Pig. 4.25. The values 

■ 'ic 

of pK (2) and pK. (3) obtained are quite close to the ground state 
values as i^ normally the case for protonation or deprotcnatibn^^^^^^ 
of pyridinic or pyrrolic nitrogen atoms respectively. As has 
been stated very often this could be due to eifher the short 
lifetimes of the species in state or insufficient nutitoer of 


protons In the solution to est^lish the eqniilbrium. 






Pig 
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The fltiorlmeti'i.c ■titration curves for "the dlcatlon— 
monocation equilibriirn do not intersect at the middle^ indicating 
a slight proton induced quenching of H'^0BNH2 vdiich is also 
another indication of the fact that second protonation is at the 
amino group. Thus here the middle point of the rise of 

■ 

fluorescence curve (pK^Xl) - - 2 . 4 ) can be taken as being close 
to the true value. 

The various equilibria observed \ander different conditions 

are mentioned in the scheme^ (Fig. 4 . 26 ) and the pK 's are listed 

. ■ 

on the arrows. ^ 

Absorption and fluorescence spectra of salt of 0BNH2 

The absorption and fluorescence spectra of obni^ were 
recorded in different solvents. Quite surprising but convincing 
results were observed. The absoiption and fluoresc^ce (exc^t 
in acetonitrile as solv«it) spectra matched with those of 0BNH2 
(neutral) in all the solvents, indicating -that OBNI^ Is rinstable 
and dissociates into 0BIJH2 and Iv . The above results have 
further proved our earlier conclusion i.e. at pH 4 (obtained 
when oBNH^ was dissolved in water) 0BNH2 is mostly proseht as 
neutral or there may be a small cttnoimt of monocation protohaited 
at pyridine center. In acetonitrile^ fluorescence is observed 
from species III ( 450 nm) and this is also observed wh^^ 

oBNH« is dissolved in n-heptane containing O.dlM TPA. This 
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indicates that th© species HI is mo le stable in non— pol an media 
and could be due to the presence of resonance as observed in 
6- amihoindazole . 

4 . 8, 8 2- (m-Aminophenyl) benzimidazole (niBNH 2 ) 

The absorption and fluorescence spectra of raBNH^ are 
studied in the H^/pH/H_ range of -9 to 16. Besides the neutral 
fortn# three other species were identified. On increasing the 
proton concentration from pH 7, a slight blue shift in the band 
maxima was observed below pH 4.5 (Pig. 4.27) . This absorption 
band was attributed to the monocation and this was foiind to be 
nonfluorescent in aqueous media at 298K. On decreasing the pH 
further/ a red shift was observed in the longest wavelength 
absorption band below pH 2. This form was found to be fluores- 
cent ( xl^i^^=380 nm) , which is a comparatively blue shifted band 

with respect to the neutral fluorescence ( =420 nm), 

■ max; 

(pig. 4.28) , This form remained as such till H^-9 without my 
further change in absorption or fluorescence maxima and was 
attributed to dication. On increasing the pH above 7, a red 
shifted absorption maxima was observed beyond pH 11.9, whidh i;;s 
due to anion and was found to be nonfluorescent. The absd 
and fluorescence m^lma of various forms are given in Table 4.18. 

mBNH_ has two sites for protonation: one at the esrocyclic 

. ’ iCt 

amino .group and the other at the pyridinic nitrogen atcmi-^^ M 
been discussed earlier for aminohydrocarbqns, protonatioh at the 





Dioat ion 

Monocat ion (77 K) 
Neutral 
Anion ( 77 K) 
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Table 4.18, Absorption maxima (log e )> and fluorescence 

ITISCK!' 

maxima ( 0 ^) of different prototropic forms of 
mBNH2 at 298K and at 77K, 


PorTns 

X (abs) 

>max 

(log s ) 

^ max 

(nm) 


"‘^(nm) 

0, 

Dication 

242 

(4.23) 

247 

(4.20) 

297 

(4.36) 

• • ' . ■ 

380 

0.220 

Monocation 

227 

(4.30) 

240 

(4.28) 

294 

(4.35) 

340 

(3.60) 

450** 

- 

Neutral 

220 

(4.52) 

242 

(4.25) 

295 

(4.34) 

322.5 

(3.96) 

420 

0,132 

Anion 


250 

(4.26) 

313 

(4.34) 

328 

(4.28) 

336,350.) 

I 367,382*) 



* At 77K and l x 10"^M solution, 7? K 
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amino- group should exhibit the following characteristics: (i) a 
blue shifted band for. the cation in absorbance and fluorescence, 

^ u;?u^ ground state of *" 4, (iii) in general oonpeting 
proton induced fluorescence quenching observed during protonation 
and (iv) a higher acidity of the arylammonixim ion in the excited 
state. Pro tonat ion at the pyridinic site is usually characteri- 
sed by (i) a red shift of absoiptiOn and fluorescence spectra 
of the cation in cornparison to neutral molecule? benzimidazole 
is an exception vfliere the absorption spectra of cation gets blue 
shifted, (ii) an increase in the basicity of the pyridine center 
in its excited state, which in case of benzimidazoles is not 
manifested by its fluorimetric titrations. This is due to the 
fact that excited state prototropic equilibrium is not attained 
because either pK falls in the mid-pH region where the rate 

■ Q. ■ ■ 

of proton transfer will be slower due to small concentration of 
H"*" ions, or the lifetime of the species are very small.' 

The first protonatibn in n©NH 2 has a pK^ value of 4,5 
(5,3 for PBI) , Below this pH the fluorescence is x^enched, 
again ireappesring as a blue shifted fluorescence at 380 nm at 
pH 2, Thus this resembles the behaviour of aryl amino pro tonatipn. 
But if the protonation had occured at the aminc^group, 
would not have been any change in absorption spectra with a 
further decrease of pH, Contrary to this the change in absorpt^ 
ion spectrum is observed. Moreover for benzimidazoles it has 
normally been found that pK^ atnd P^^ for the . protOnation are 
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same. Henc?e. the new fluorescoice cannot be due to the foimation 
of monocation and it is more reasonable to assume that a non— 
fluorescent nBonocation protonated at pyridinic center exists 
between pH 2 and 4,5. This further confirms the above point as 
the pK^ for the protonation of pyridinic nitrogen atom of benzi- 
midazole is close to 5.3^^^ and that for aniline type amino group 
■ 145 . ■ 

IS close to 4. The blue shift in the nKjnOcation absorption 
spectrum is possibly due to the loss of conjugation due to 
rotation of phenyl ring or it is the normal effect of benzimi- 
dazoleimonocation formation. As has been suggested earlier in 
the introduction (P. 11 ) , it is reasonable to expect that the 
longer wavelength dication absorption maxima of mBNH 2 should 
match with the monocation absorption spectra of PBI, In iacrt 
this value is 297 nm for rnBNH 2 and 295 ran. for PBI . 

It is not easy to offer a convincing es^lanation for the 
,nonfluorescent nature of the monocation but may be explained on 
the same lines as is done for benzimidazole cation for cation 
(0,06) is ten times less than that of neutral (0,67)) i.e. non- 
radiative processes are predominant at 298K and is top simall 
for fluorescence to observe. As many cdllisional and vibrational 
nonradiative pathways can be eliminated by freezing Ithe a^i’iti^ 
at low tenperature, the above study for* mBNH 2 cation was done at ; ■ 
77K and in the pH rmige of 4.5 to 2. A broad band Speared at ' 

4 50 nm which is red* -shifted to that of the neutral species at 
77K (390 nm) (Fig. 4.28) . To confirm whether the 450 nm band 
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observed is due to monocation, the hydrochloride salt of itiBNH- 
was prepared and its spectral behaviour had been studied in 
different solvents at room teniperature and at low tenjierature 
(77K) . The results are given in Table 4.19 and Pig. 4.30, The 
salt solution in water and acetonitrile show cation absorption 
spectra and the cation deconposes to the neutral form in metha- 
nol and dioxane. The fluorescence spectra of the salt in water 
was that of 'the neutral species (420 nm) and it could be due to 
an inconplete protonation of mBNH 2 at this pH (5. I) of salt 
solution# and also the cation fluorescence is quenched at 298K, 
The salt in methanol and dioxane also showed neutral fluorescence. 
Similar results were obtained for 6- amino indazole and it was 
suggested that the basicity of methanol or dioxane is sufficient 
enough to remove the proton from rnBNH 2 cation at very low cation 
concentration (10”^M) , A concentrated solution of the salt 

O ■ 

(10”’ M) in these solvents showed the presence of twO fluores- 
cence bands , one matching with the neutral fluorescence band in 
the respective solvents (^380 nm) and another redf shifted band 
at 43 0 nm for dioxane and 470 nm for methanol , The salt in 
acetonitrile showed an absorption spectra matching with tbe 
cation absorption and showed two bands in fluorescence 
10”‘^M solution: one at 480 nm and the Other at 390 hm# the letter 
being due to neutral fluorescence. The addition of just 5% of 
water to this acetonitrile solution quenched the fluorescence^^^ 

480 nm coitpletely. This only suggests that strong hydrogen 
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Table 4,19, ' Absorption and fluorescence maxima of hydrochloride 


Solvent 

^max^^®^ (nm) 
298K® 

^ (nm) 

298K® 

77K?^ 

bioxane 

. .3^2: .V V.'-. 

- # 388 

420^ - 

Acetonitrile 

^;>317^.Y: 

480 V 390 
(major) (minor) 

, ;440V 

Methanol 

324 

, 408 

450 , 408^= 

430, 370 

Water 

330 

- , 420 

450*^;- 

a * 1 X 10“^M, b = 1 X 10“'^M, 

c = 1 X 10“ d * 

1 X 10"%, 


Table 4,20. 

Groxand and excited state equilibria of mBNH^ at 298K. 

Equilibrium 

B 

pK*(PT) 

^isosbestic^™*^ 


Dication ■"■ ■ — ■ 

■— ^ Monocation 

1.9 

■ 

o 

290 

Monocation — 

— ^ Neyitral 

4.5 : 

-4. 5 

'a 300 






Neutral ■— • 

— ^ Anion 

11.9 

11.7 

...."■■.V,''305 


-«rnir-r 











Fig *4 .29 Plot of l/I^ as a function of 
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bonding solvents are efficient quencher of its fluorescence. 

The red shifted fluorescence found in the mBNH 2 cation could be 
due to the fluorescence of cation or due to some excimer# though 
excimer formation in a charged species is unlikely., If excimer 
forms at 29 8K in liquid media, then its formation will be irihlbi- 
ted by freezing the solution due to slower diffusion. The low 
ten^erature <77K) fluorescence spectra of the salt in all the 
four solvents were taken and the results are given in Table 4,19, 
it is clear from the table that the longer wavelength band still 
exists in frozen media and in fact a banid at 450 nm appears 
even in water as solvents (the x^^(fluo) for neutral xf©NH2 at 
77k is at 390 nm) . Thus it is nore likely that this long wave- 
length fluorescence is due to the cation of mBNH2^ It is not 
getting conpletely quenched in water at low temperature because 
of nonavailability of many nonradiative pathways. 

The neutral fluorescence at 29 8K is qpehched at a pH 11,9 
(Fig. 4.29) which is also the pK^ for deprotonation. Thus t^^ 
anion at this temperature is nonf lucres cent. The fluorescencsa. 
spectra of a IM NaOH solution of the conpotmi<i was taken at 

It was fo;xnd to be fluorescent and the spectra is giveu ^ 

4 . 28 and data in Table 4 . 18. A similar behavior was cbsery^ 
the case of INH2 and BINH2 and thus a similar ^lanatipn can be 
offered. The dissociation occurs from the pyrrplic n^ 
atom in the ground state and frcm the expcycU^ groi^ in 

the excited state. The imino ^ion is generally nonf luore^ 
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whereas the anion frcwi deprotonatlon of pyrrol ic hydrogen is 
nonnally fluoresoent. Thus in the frozen medium we observe anion 
fluorescence from ground state configuration. This also 
confirms that amino group becomes more acidic as coirpared to 
the pyrrdlic group in S^, The various gro\jnd and excited state 
equilibria are given in T^^le 4,20. PtJrster cycle, values cotxld 
not be calculated because of nbnfluOrescence of cation and anion 
forms r and only a very slight shift in absorption spectral 
maxima to give any meaningful result. 

4; 8 . 9 2- (p-Aminophenyl) benzimidazole (PBNH 2 ) 

The absorption (Fig, 4.3l) and fluorescence (Fig. 4.32) 
spectral behaviour for PBNH 2 is studied in the H^pH/H_^ range 
of -9 to 16, The absorption and fluorescence band maxima in 
different forms is reported in Table 4,21. The neutral species 
has a long wavelength absorption maxima at 310 Urn. On decrea- 
sing the pH, this band shifts to 340 nm below pH 5, With a 
further decrease of pH below 1.4, the 340 nm band gets blue 
shifted to 295 nm whereas on increasing the pH above 7, a change . 
in absorption spectrum is observed after pH li iwe. the;l^ 
wavelength band gets red shifted and is slig:htly structured* 
further change in absorption spectrum is observed after pH 13* V 
As discussed previously for other compounds this nature of 
absorption spectral shift clearly conforms to the followings s 
(i) Monocation is formed because of the prptonation; a^ the 






Dication (If x 0-3) 
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Table 4* 21. Absoiption maxima and fluorescence maxima of different 
prptptropic forms of pBNH^ at 298K,. 


Forms 

1 

X (flu) 


1 max 

max : 


Dication 

240 

245 

295 

380 

0.30 

Monocatipn 

230 

262 

340 

394''' 

0.06 

IJeutral 


255 

310 

382 

353, 371, 386, 408 (at 77 k;) 

;o.85 

Anion 


260 

' 3b5| 

430 





317( 

352,368,385{at 77K) 





332) 




■e<^ 

Table 4.22. Ground and exciterisfea state prototrc^ic equilibrria of 
PBNH 2 at 298K. 


Equilibrium 

• ^a 

F.C. 

(abs) 

p4 

F.C. 

(flu) 

F.C. 

(ave) 

■HI 

^isos. 

CiHn) 

Dication MonOcation 

1.40 

-7.92 

-0.42 

-4.18 

;-i.6.'; . 

295 

Monbcation— ^ Neutral 

5.05 

11.03 

6.58 

8.80 

5.00 

320 

Neutral — — Anion 

13.00 

11.50 

7.01 

8.26 

■■:i2.6^-:: 

':"y;'3i5^ 
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pyridinic center. (11) Dlcatlon Is formed by pix>tonatlng the 
monocation at the exocycllc amino group. The blue shifted 
absorption band at 295 nm matches with absorption spectrum of 
PBl'*’ {295 nm) and that of mBNH 2 dlcatlon (297 nm), (lll) lfe- 
protonatlon from the pyrrollc center causing red shift* 

The shifts In fluorescence maxima also are similar In 
nature with that of the absorption maxima and these shifts 
occur in similar pH ranges (Table 4,22) • Thus it can be 
inferred that the ground and the excited state species of the 
corresponding forms are the same. Unlike all other dlckza amino 
confounds studied, a red shifted fluorescence band at 430 nm 
starts spearing at 15 but its formation is not complete 
even at 16, the highest basic concentration used , 

The results of this study and those obtained from earlier 
studies have revealed that the pyridinic nitrogen atom beccroes 
more basic and the ammonium ion becomes more acidic in state 
as compared to state. The effects of the above mentioned 
results on the spectral behaviour are that, the shifts in the 
absorption spectra observed on protonation is relatively small 
as compared to that observed in the fluorescence spectra^ 
suggesting that the first excited singlet state of the cat io%^^^ 
is relatively more stdoilised in polar solvent than the ground 
state. The behaviour of PBNH 2 is different from the ahOve 
mentioned one. It can be seen from the datai of Table 4,21 that 
the spectral shift in absorption spectra (+30 nm) On protonation 
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Of pyridinic nitrogen atom is more than that in fluorescence 
spectra (+12 run) , Siinllar: changes are also observed when the 
second protonatipn takes place (i.ev -45 run in absorption a nd 
-14 run in fluorescence band maxima). 

These results can be explained on the same lines as has 
been done for 2-aminobenzimidazole i,e« the presence of electron 
donating group may stabilize, leave it as such or destabilize 
the excited state more in comparison to the ground state, depend- 
ing upon the interaction of two n clouds Cone from the carbo- 
cyclic ring and another from aminophenyl ring) , The data of 
Table 4, 2l reveal that the interaction Of these charge cloud 
is more favourable in neutral molecule as compared to the 
cation. The solvent study as well as the more favoursble posit- 
ion of the amino group in the phenyl ring clearly tells that . 
this charge migration from the electron donating group at the 
para position of the phenyl ring takes place more easily in 
cation than in the neutral molecule in the respective states. 

This kind of behaviour has been observed in the aminoquinolines 
where the spectral change in fluorescence as ccuipared to quino- 
line is more when the amino groxap is substituted in, carbdcyclic 
ring as compared to heterocycllc^ ring, ■ 

In all the aminO sxibstituted diaz a compounds si^died, it 
has been observed that the deprotonation in the grotnad State , ; 

takes place from the pyrrOllc center and except for oBHH 2 ^ the 
dep rotonation in the excited state takes place from the exocyclic 
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amino group# leading to a nonf lucres cent iihinb anion in fluid 
media, 0 BNH 2 ^ioh formed after deprotonation of pyrrol ic 
hydrogen atom was fluorescent. The behaviour of pBNH„ in basic 
media is similar to the other confounds and not with that of 
oBNH^. Thus the mohoanion formed in state is due to the 
deprotonation of pyrrolic nitrogen atom and formed in state 
is due to the deprotonation of exocyclic amino group. If the 
deprotonation had occurred at the pyrrolic center in state, 
there would have been (i) a 1:1 correspondence between the 
depletion of neutral species and formation of monoanion (ii) the 
monOanion formed is generally fluo reseat and { iii) one would 
have obtained at least a groxjnd state pK^ value (if not less 
than pK ) from the intersection of the fluorimetric titration 
curves because pyrrolic hydrogen atom becomes more acidic in 
The results obtained contradict all the three points mentioned 
above and agreeing with the earlier results that the increase 
in the acidity of exocyclic amino group in stabe is more than 
that in the pyrrolic group. The fluorescence spectrum of 
in pH 13 to 16 and at 77K (Pig. 4.32) gave structured but 
blue shifted spectrum as compared to neutral one at 7 7K ^d 
similar to the behaviour of mBNH 2 and INH 2 . Since the flugfes— 
cence observed from the species at 77K reflects the grotshd state 
environments this only tells that nonoanion of PBNH 2 is more 
stabilised in state as oorapared to the neutral one. ^ 



Now the red shifted fluorescence maxima C4 30 nm) observed 
at > 15 could be assigned to the dianion, formed by deproto- 
nating the pyrrplic hydrogen atom, because the similar species 
formed on deprotonating both the hydrogen atoms of the amino 


group gives a blue ; shifted fluorescence spectra as coiipar^ to 

■' ' 1 19 

both neutral aaid monoanion. Non-conplete formation of this 
Species Only shows that the pK_ of this equilibrium (monoanion 

3 



dianlon) is more than H 



The fluorimetric titration curves have been repotted in 


Fig, 4,33. The relatively low quantum yield of the cation made 

it difficult to plot the relative decrease in its intensity in 

the titration for di cation — ■ — ^ monocat ion e<^ilibrium. The 

ST 

formation of anion at 29 8K could not be given in the fluorimet- 
ric titration curve because its formation was not coinplete even 


at H 16 (Pig. 4. 33) . 


The various ground and excited states pK values obtained 
by different methods are listed in Table 4. 22. These values 
depict the general behaviour of the benzimidazoles and proves 
the assignment of various species as mentioned earlier, pK^ 
values for the monocation-neutral and neutral*-nonoanlon, eqpitiib-^^^o 
ria are nearly equal to that for h©*^ 2 imidazole molecule, in^cat* ; 
ing that the presence of electron attracting phenyl grorg> IS 
nearly balanced by the electron releasing amino grot 5 > at the 
proper position. The results of fluorimetric titration curves 
are also consistent with the earlier findings l.e. aryiamnKSnim 
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ions are stronger acids in S^, ground state pK^ value is obtai- 
ned for monocation-neutral equiiibriuni and amino group is a 
stronger acid in relative to the pyrrolic center, ihe large 

: ■ ■ ' ic 

difference between the pK^ values obtained by P5?rster cycle 
method, using absorption or fluorescence data could be due to 
unequal solvent relaxation or due to the use of band maxima in 
Stead of 0-0 band. The former explanation se®ns to be more 
favouf^le with our earlier ODnclus ions. 



GHAPTER-.5 

CONCLUSIONS 

5.-1: Summary 

Absorption and fluorescence characteristics of two aro- 
matic aminohydrocarbons ( 6-aminochrysene and 3-aminofluoranthene);, 
6-aminoindazOle and six benzimidazoles viz. 2-hydroxsbenzianida- 
zole/ 2- aminobenz imidazole# 2-phenylbenz imidazole# 2-{o-amino- 
phenyl) benzimidazole# 2- (m-amlnophenyl) benzimidazole and 2-(p- 
aminophenyl) benzimidazole in different solvents and at different 
pH have been investigated. 

(i) The study of solvent effect on spectral ciiaracteristics 
of aromatic amino compounds have indicated that water is 
acting as a hydrogen atom donor in state but as a • 
hydrogen atom acceptor in S^ state of amino conppunds. 

( ii) pH study has clearly proved Tsutsumi's concliision abou^ 
proton induced quenching of the arylamines fluor^cence 
before these are protonatedi.e. charge migration frcm 
the amino group is concentrated at one of the atom and 
interaction of proton with this site is responsible fo^^^ 
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the fluorescence quenching. All the amino con^pounds 
investigated in this study, excej>t 3-aminof lupranthene 
have the above property. In the latter coinpound it is 
known that charge density is miformly distributed over 
the complete molecule in and this study also indicates 
that the same is true in state also, 

(iii) The behaviour of 6 -aminolndazole ( 6 - INH 2 ) is different 

from that of S-^-a^tiinoindazole ( in the seise that 
e-INH^ has a much shorter excited state lifetime than 
its counterpart of 5 -INH 2 i.e. Due to this, 

fluorescence is observed, from both 6 - INrit (annmonium ion) 
and 6 -H^INH 2 (monocation protonated at the pyridlnic 
nitrogen atom) , depending rpon the pH of solution, 
v^ereas over the same pH range only the former species 
exists in Sq. Further, the former cation is more stable 
in polar and strongly hydrogen bonding solvents arid the 
latter in nonpolar solvents. 

(iv) Monocations in the case of benzimidazoles iii and 
states are always formed by protonating the pyridinlc 
nitrogen atom, indicating that it is irore basic then 
amino groups. Monocation of 2-amiiiobenzimidazoie behayea 
as a cyclic eimidine rather than a normal arcwiatic :aimli^j, : 
both in S^' and S^'/etates. : ■ 

(v) 2 -Hydroxyben 2 imidazole behaves as its keto isomer £2(3 H)-t> 
benzimidazOloneJ both in and states. •MeneCatioii 
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is formed by protonating the hydr03jyi gjrxwip after reorg- 
anisation of the sp'ecies. The structure of the benzimi- 
dazole is kept intact on forming anion. 

(vi) Intramolecular hydrogen bonding plays a major role in 
the 2"‘(o— aminophehyl) benzimidazole and thereby forndng 
two hydrogen bonded Isomers. The isomer formed with 
the hydrogen atom of amino group and pyridinic nitrogen 
atom is Stable in nonhydrogen bonding solvents only 
whereas the isomer II formed with the pyrrol ic hydrogen 
atom and lone pair of amino group is stable in all the 
solvents in both and states. Amino group of 

2- (m-arninophenyl) benzimidazole affects the spectra of 
benzimidazole ring only Indirectly vdiereas the same groiqp 
in 2- (p-aminophenyl) benzimidazole affects through a direct 
conjugation. 

(vii) The increase in the acidity of the amino groxjqp is relati- 
vely more than that of pyrrolic group in state i.e. 
deprotonation takes place from pyrrol ic grotq? in state 
and from amino group in state. 



In this study, the values Of eguil lb ririm constants in . 
the excited state have been experimentally (otetermined by fluori- 
metric titrations. These values can be further oohfirmed by 



rneasuring the rate constants for’ the forwaird ani3 r^srss proton 
transfer reactions with the help of time d^endeait fludrimetry. 
In fact# this kinetic method becomes more significant in cases 
where rates of deactivation processes like proton induced 
fluorescence quenching of the neutral form con 5 >ete with the 
.rate'Of'protonatlon«.:"v'-,'- 

proton induced fluorescence clenching can be 
determined from a Sterm-Volmer plot with a knowledge of the 
lifetime of the species in state. In this study the life^ 
time has been estimated approximately losing Strickler and Berg*s 
formula. The rate can be measured with accuracy only by measur- 
ing the lifetime experimentally with the help of time d^endent 
f luorimetry. ■■■ ■ 
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